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Summary

An investigation has been conducted in the Lang-
ley 16-Foot Transonic Tunnel to determine the ef-
fects of varying six nozzle geometric parameters on
the internal and aeropropulsive performance char-
acteristics of single-expansion-ramp nozzles. The
single-expansion-ramp nozzle is a nonaxisymmetric,
variable-area, internal/external expansion exhaust
nozzle. The six nozzle geometric parameters that
were varied included the nozzle upper ramp length
and chordal angle, the nozzle lower flap length and
chordal angle, and the axial and vertical locations
of the nozzle throat. Both convergent-divergent and
convergent nozzle configurations were tested. Some
limited tests were made to study the effects of vary-
ing the curvature of the upper ramp internal and ex-

ternal surfaces and the lower flap external surface of

one of the nozzles. This investigation was conducted
at Mach numbers from 0.60 to 1.20, nozzle pressure
ratios from 1.5 to 12, and angles of attack of 0°
and +6°.

Maximum aeropropulsive performance at a par-
ticular Mach number was highly dependent on the

nozzle upper ramp length or angle increased, some
nozzles had higher performance at a Mach number
of 0.90 because the nozzle design pressure was the

same as the operating pressure ratio. Thus, sclection

of the various nozzle geometric parameters should be
based on the mission requirements of the aircraft.
A combination of large upper ramp and large lower

flap boattail angles produced greater nozzle drag co-

cfficients at Mach numbers greater than 0.80, pri-
marily from shock-induced scparation on the lower
flap of the nozzle. At static conditions, the conver-
gent nozzle had high and nearly constant values of
resultant thrust ratio over the entire range of noz-
zle pressure ratios tested. However, these nozzles
had much lower acropropulsive perforiance than the

convergent-divergent nozzle at Mach numbers greater

‘than 0.60.

Introduction

Many studies have been made of the integration

of nonaxisymmetric nozzles into fighter aircraft com=—

figurations. Nonaxisymmetric nozzle designs are gen-
crally more amenable to the incorporation of thrust
vectoring to provide forces and moments for ad-
ditional capabilitics in aircraft maneuver and con-
trol. A prerequisite for the evolution of practical
nozzles for production aircraft is the establishment

_refs. 3 to 6.)

. ; - ternal geometry of the rzle.
operating nozzle pressure ratio. For example, as the & Y nozz

of both an internal and aeropropulsive performance
data base documenting the effects of nozzle internal
and external geometry changes so that efficient noz-

—___zles can be selected.

One of the nonaxisymmetric nozzle types is the
single-expansion-ramp nozzle (SERN). The SERN is
a configuration originally developed with a hood-type
jet deflector stowed in the expansion .ramp which
would be deployed to provide high vector angles (up
to 110°) for vertical takeoff and landing operations
(refs. 1 and 2). Most experimental investigations con-

—ducted on the SERN have concentrated on the un-

installed and installed performance of a specific noz-
zle design at various nozzle power secttings during
cruise and vectored-thrust operating modes. (See
T Although studies of the effects of
systematic changes in nozzle geometry on internal
performance have been conducted (refs. 7 to 11),
no similar investigations of aeropropulsive perfor-
mance have been undertaken. This paper summa-
rizes the aeropropulsive performance characteristics
of SERN configurations having various combinations
of six parameters that affect the internal and ex-
These parameters
include the nozzle upper ramp length and chordal
angle, the nozzle lower flap length and chordal an-
gle, and the axial and vertical locations of the noz-
zle throat. Both convergent-divergent and conver-
gent nozzles were tested.  This investigation was

__conducted in the Langley 16-Foot Transonic Tun-
_nel at Mach numbers from 0.60 to 1.20, nozzle pres-

sure ratios from 1.5 to 12, and angles of attack of 0°
and +6°.

Symbols

All model forces and moments are referred to the
stability axis system with the model moment refer-
ence center located at model station 29.39. A discus-
sion of the data reduction procedure, definitions of
the aerodynamic force and moment terms, and the
propulsion relationships used hercin are presented
in references 12 and 13. The symbols used in the
computer-generated tables are given in parentheses.

A, nozzle exit area, in?
Aj internal area at metric
break, in?
A maximum model cross-
sectional area, 40.635 in®
A nozzle throat area, in?



(Ae/At)e

(Ae/At)i

Cmym

(CDN)
(CFI)

(CFJ)

(CLCN)

(CM)

(CMCN)

(CMJ)

external expansion ratio
for ideally expanded flow
(where A is vertical
displacement between cnd
of nozzle ramp and lower
flap times the nozzle
width)

internal expansion ratio
for ideally expanded flow
(where A, is measured in
vertical plane at end of
nozzle lower flap)

nozzle drag coefficient

ideal thrust coefficient,
thrust coefficient along
body axis, p—f—/%;

jet normal-force coeffi-

cient, p—lw}‘}”;
a

thrust-minus-drag coeffi-
: F-D
cient, T A

total centerbody/nozzle

lift coefficient, including
; Lift

thrust component, T Am

m

centerbody/nozzle lift
cocfficient, Cp,,, = Cy, at
NPR = 1 (jet off)

total centerbody/nozzle
pitching moment, includ-
ing thrust component,

Pitching moment
€ Am
centerbody /nozzle

pitching moment, Crpn =
Cyn at NPR = 1 {jet off)

jet pitching-moment coef-
Jet pitching moment
P(:Am

ficient,

lower flap pressure
cocfficient, E%p{

upper ramp pressure
coefficient, L;_h
i

reference length (width of
model at nozzlc connect
station), 6.800 in.

p a
Py

Pi

Pt.j

(D)

(DN)
(F)

(FD)

(FJ)

(FR)

total centerbody/nozzle
drag, Ibf

centerbody friction drag,

Ibf
nozzle drag, Ibf

thrust along stability
axis, Ibf

axial force, 1bf

total force measured by
force balance, 1bf

momentum tare axial
force due to bellows, Ibf

ideal isentropic gross
thrust, Ibf

measured thrust along
body axis, 1bf

measured jet normal
force, Ibf

resultant gross thrust,

2 2
VF2+ F}, Ibf

gravitational constant
(1g =~ 32.174 ft/sec?)

nominal nozzle throat
height, 1.24 in.

total length of upper
ramp, in.

axial length of lower flap
(see fig. 2), in.

axial length of upper
expansion ramp (sce
fig. 2), in.

free-stream Mach number

nozzle pressure ratio,
Pt.j/Pa OF Pt j/Pxc
ambient pressure, psi
lower flap static pressure,
psi

averagce internal static
pressure, psi

upper ramp static pres-
sure, psi

averagce jet total pressure,
psi



Joo

(WI)

(WP)

Iy

Yt

a (ALPHA)

free-stream static pres-
sure, psi

free-stream dynamic
pressure, psi

specific gas constant,
1716 ft?/sec®-°R

average jet total tempera-

ture, °R
width of body, in.

ideal weight-flow rate,
1bf/sec

measured weight-flow
rate, 1bf/sec

axial distance measured
from nozzle connect
station (positive down-
stream), in.

axial distance of nozzle
throat from nozzle
connect station (see

fig. 2(a)), in.

axial coordinate of nozzle
sidewall (see fig. 2(b)), in.

vertical distance mea-

sured from horizontal ,,,,,,,,,,,;

model centerline (posi-
tive upward), in.

vertical distance of nozzle

throat from horizontal
centerline (see fig. 2(a)),
.

lateral distance measured

from horizontal model
centerline (positive to
right), in.

lateral coordinate of
nozzle sidewall (see

fig. 2(b)), in.
angle of attack, deg

lower flap chordal boat-

tail angle (sce fig. 2), deg

upper ramp chordal

boattail angle (sce fig. 2),

deg

ratio of specific heats

(1.3997 for air)

resultant pitch-vector
angle, tan~! Fy/F;

5, (DELTAP)

0r lower flap chordal angle
(see fig. 2), deg

8, upper ramp chordal angle
(sce fig. 2), deg

Subscripts:

des design

e external

i internal

Abbreviations:

C-D convergent-divergent

rad radius

SERN single-expansion-ramp
nozzle

Sta. fuselage station (axial

location described by
distance from model
nose), in.

Nozzle Designs

The single-expansion-ramp nozzle (SERN) is a
nonaxisymmetric, variable-area, internal/external
expansion exhaust system. Basic SERN nozzle com-
ponents consist of (1) a two-dimensional upper ramp
in which a portion of the flap surface downstream
of the throat serves as an external expansion ramp,
and (2) a relatively short two-dimensional lower flap.
In some SERN designs, nozzle power setting (throat
area) can be changed by varying the geometry of the
convergent-divergent upper ramp assembly (refs. 1,
2, and 6). Nozzle cxpansion ratio can be varied by
rotation of the lower flap. In other designs the up-
per ramp is either fixed or has only a variable ge-
ometry downstream of the nozzle throat. The lower
flap may also be fixed, but generally it is variable
to provide both power setting and expansion ratio
control (refs. 3 to 5). Most SERN designs also pro-
vide for thrust vectoring capability through rotation
of the entirc external ramp surface in conjunction
with rotation of the lower flap (refs. 2, 6, and 10).
The SERN configurations of the present investigation
represented nominally unvectored dry-power (cruise)
nozzles.

A sketch of a typical nozzle configuration is pre-
sented in figure 1. Six geometric parameters were
chosen to define a nozzle because these parameters
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were thought to have the largest effect on both in-
ternal and external nozzle performance. The nozzle
geometric parameters that were varied for the upper
ramps and lower flaps are illustrated in figure 1(a)
and are listed in table 1 for cach of the nozzles tested.
The nozzle geometric parameters that affect nozzle
internal performance include upper ramp length I,
and chordal angle 6, and lower flap length [ 7 and
chordal angle ;. The geometric parameters that
affect nozzle external performance are the axial lo-
cation x; and the vertical location y; of the nozzle
throat. Of special note is that varying the ramp and
flap gcometric parameters can also affect nozzle ex-
ternal performance because variation of these param-
eters can change the respective nozzle boattail angles.
The upper ramp and lower flap external surfaces were
defined by cubic curves from the nozzle connect sta-
tion to the nozzle trailing edge. The ramp inner flow
path from the nozzle connect station to just past the
throat is defined by a series of straight lines and cir-
cular arcs. From just past the throat to the trailing
edge, the ramp inner flow path is defined by a cubic
curve. The flap inner flow path is defined by a series
of straight lines and circular arcs. Coordinates for all
the nozzles tested are presented in table 2.

All the nozzles had full sidewalls, and a typical
sidewall is shown in figure 1(b). Each of the nozzles
had a pair of sidewalls in which the upper contour
matched the contour of the upper ramp. Likewise,
the lower contour of cach of the sidewalls matched
the lower flap contour. All the sidewalls had the
same boattail geometry along the plane of the nozzle
centerline as illustrated in figure 1(b).

For nozzles 1 to 13, the six geometric parame-
ters were varied one at a time, whereas for nozzles 14
to 29, these parameters were varied two at a time.
These parameters were varied in a controlled man-
ner as described in reference 14 so that empirical
relations for the prediction of internal and external
performance could be established for nozzles having
a large number of geometric parameters. Nozzles 30
to 32 were defined by varying the curvature of either
the upper ramp internal and external surfaces or the
flap external surface relative to that of nozzle 1. Noz-
zles 33 to 37 were convergent SERN nozzles; that is,
the internal expansion ratio of these nozzles was 1.0.

Apparatus and Procedure

Single-Engine Propulsion Simulation
System

A sketch is presented in figure 2 of the single-
engine air-powered simulation systemn with a typical
nozzle configuration installed. The model was com-
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posed of three major sections: a nose-forebody sec-
tion, a centerbody section, and the nozzle. The nose-
forebody section up to station 26.50 was nonmetric;
that is, it was not attached to the strain gauge bal-
ance. Geometric details of this nose-forebody section
can be found in reference 15. The centerbody section
was made up of the low-pressure plenum, instrumen-
tation section, and transition section (ref. 15). The
centerbody section from stations 26.50 to 55.05 was
essentially rectangular in cross section and had a con-
stant width and height of 6.80 in. and 6.20 in., respec-
tively. All sections downstream of station 26.50 were
metric and mounted on the force balance. A flexible
DuPont Teflon strip inserted into a circumferentially
machined groove between the nose-forebody section
and low-pressure plenum impeded flow into or out of
the internal cavity.

An external high-pressure air system provided
a continuous flow of clean, dry air at a controlled
temperature of about 540°R at the nozzles. This
high-pressure air was brought through the support
strut by six tubes that connect to a high-pressure
plenum chamber. As shown in figure 3, the air was
then discharged perpendicularly into the model low-
pressure plenum through eight multiholed sonic noz-
zles equally spaced around the high-pressure plenum.
This method was designed to minimize any forces
imposed by the transfer of axial momentum as the
air passed from the nonmetric high-pressure plenum
to the metric (mounted on the force balance) low-
pressure plenum. Two flexible metal bellows were
used as seals and served to compensate for axial
forces caused by pressurization.

The air was then passed from the model low-
pressure plenum through a choke plate, an instru-
mentation section, and a transition section which
provided a smooth flow path for the airflow from the
round low-pressure plenum to the rectangular noz-
zle entrance. All nozzle configurations were attached
to the transition scction at model station 55.05 and
were tested in an inverted position (ramp on bottom).
A photograph showing a typical SERN (nozzle 29)
installed on the single-engine propulsion simulation
system is shown in figure 4.

Instrumentation

A six-component strain gauge balance was used
to measure forces and moments on the model down-
stream of station 26.50. Flow conditions in the nozzle
were determined from 10 total pressure probes and
1 total temperature probe located at station 45.65 in
the instrumentation section aft of the choke plate.
Nozzle total pressure and temperature are deter-
mined from the average of these measurements. The



weight flow of the high-pressure air supplied to the
exhaust nozzle was measured by a critical-flow ven-
turi (ref. 16). Eight internal static pressures, mea-
sured at the metric break, were used to account for
pressure forces at this location. All the pressures
noted above were measured with individual pressure
transducers. ' :

Static pressures were measured on the external
surface of six of the nozzles. The orifice locations for

each of these nozzles are given in table 3. The exter- ,;,

nal orifices were arranged in three rows along the top
of the upper ramp and in two rows on the bottom of
the lower flap. These pressures were measured with
clectronically scanning pressure devices.

Data Reduction

All data were recorded simultancously on mag-
netic tape. Approximately 50 frames of data, taken

at a rate of 10 frames per second, were taken for

each data point; average values were used in data
reduction computations. The average value of jet to-
tal pressure was also used in all computations. All
aerodynamic coefficients were referenced to a model
maximum cross-sectional area of 40.635 in.

thrust is subsequently obtained are initially corrected
for model weight tares and balance interactions. Al-

though the bellows arrangement was designed to

eliminate pressure and momentum effects on the bal-

ance readings, small bellows tares on all balance __

components still exist. These tares result from a
small pressure difference between the ends of the bel-

lows when internal velocities are high and also fromr——

small differences in the spring constants of the for-
ward and aft bellows when the bellows are pressur-
ized. As discussed in reference 12, these bellows tares
were determined by testing calibration nozzles with
a known performance over a range of nozzle pres-
sure ratios with normal-force and pitching-moment
loadings simulating the ranges expected for the test
nozzles. The balance data were then corrected in

Nozzle discharge coefficient wy/w; is the ratio of
measured weight flow to ideal weight flow, where
idecal weight flow is based on jet total pressure py ;, jet
total temperature Ty ;, and measured nozzle throat
area. Nozzle discharge coefficient is then a measure
of the ability of the nozzle to pass mass flow and is
reduced by boundary-layer thickness and nonuniform
flow in the throat. Using the measured weight flow,
ideal thrust of the nozzle can be computed from the

cquation
RTt»j( 2y ) 1_( 1 )(“/~1)/’7
g2 v-—1 NPR

At wind-on conditions, thrust minus axial force
was obtained from the equation

Fl—:wp

4Fj —Fq= FA,bal + (pi — pOC)Ai - FA,m()m + Df

where the first term Fy 1,51 includes all pressure and
viscous forces (internal and external on the after-

~ body, nozzle, and thrust system). The second term
~ accounts for the interior pressure forces acting at the

metric break. The third term Fq yom is the mo-

~ mentum tare force previously discussed. The last

term Dy is the friction drag of the centerbody scc-
tion from stations 26.50 to 55.05. Note that this term

_is included in the thrust-minus-drag term F' — D.

The adjusted forces and moments measured by
the force balance are transferred from the body axis
of the metric portion of the model to the stability
axis. The attitude of the nonmetric forebody rel-
ative to gravity was determined from a calibrated
attitude indicator located in the model nose. The
angle of attack «, which is the angle between the cen-
terbody /nozzle centerline and the relative wind, was
determined by applying terms for centerbody deflec-
tion (caused when the model and balance bend under
acrodynamic load) and a tunnel flow angularity term
to the angle measured by the attitude indicator. The

a manner similar to that discussed in references 12
and 13.

At static conditions, the resultant gross
thrust F, used in the resultant thrust ratio F./F;
was then determined from the individual corrected
forces F; and Fj. Expansion of the flow over the sur-
face of the upper ramp produces a resultant thrust
force that is not aligned with the horizontal centerline
and, hence, significant differences between Fy./F; and

F;/F; can occur. Resultant thrust vector angle 6, is

presented for evaluation of the exhaust-flow turning

capabilities of the various nozzles tested.

flow angularity correction was 0.1°, which is the aver-
age angle measured in the Langley 16-Foot Transonic
Tunnel.

The thrust-removed (nozzle) aerodynamic forces

_and moments were obtained by determining the

components of thrust in axial force, normal force,
and pitching moment and then subtracting these
values from the measured total (acrodynamic plus
thrust) forces and moments. These thrust compo-
nents at forward speeds were determined from mea-
sured static data and were a function of the free-
stream static and dynamic pressures.



Wind Tunnel and Tests

The Langley 16-Foot Transonic Tunnel is a single-

return atmospheric wind tunnel with a slotted octag-
onal test section and continuous air exchange. The
wind tunnel has variable airspeeds up to a Mach
number of 1.30, with test section plenum suction be-

ing used for speeds above a Mach number of 1.05.

A complete description of this facility and operating
characteristics can be found in reference 12.

This investigation was conducted at Mach num-

bers from 0.60 to 1.20 at nozzle pressure ratios from

Presentation of Results

1.5 to 12 depending on Mach number. All noz-
zle configurations were tested at an angle of attack
of 0°, and selected configurations were also tested
at angles of attack of —6° and 6°. External pres-
sures were measured on six of the nozzles in separate
tests. The Reynolds number per foot varied from
3.2x 108 to 4.0x 105. All tests were conducted with a
0.10-in-wide boundary-layer trip consisting of a strip
of No. 120 silicon carbide grit sparsely distributed in
a thin film of lacquer located 1.00 in. from the tip of
the forebody nose.

The results of this investigation are presented in both tabular and plotted form. Internal and aeropropulsive
characteristics are presented for nozzles 1 to 37 in tables 4 to 40, respectively. Skin-friction drag coefficients
for each of the nozzles are given in table 41. Basic and summary data are presented as follows:

Basic internal and acropropulsive data .

Figure
Variation of six nozzle parameters showing:
Effect of upper ramp length on-
Basic internal and aeropropuhlve data . .5
Summary of aeropropulsive performance at a = 0° . 6
Summary of nozzle drag coefficient at a = 0° . . .7
Summary of acropropulsive performance at angle of dttd(‘k . . 8
Summary of nozzle drag coefficient at angle of attack -9
Effect of upper ramp angle on—
Basic internal and aeropropulsive data . 10
Summary of acropropulsive performance at o = O° 11
Summary of nozzle drag coefficient at o = 0° . 12
Effect of lower flap length on
Basic internal and aeropropulsive data . 13
Summary of aeropropulsive performance at o = 0° 14
Summary of nozzle drag coefficient at a = 0° . 15
Effect of lower flap angle on--
Basic internal and aeropropulsne data . 16
Summary of acropropulsive performance at o = O° 17
Summary of nozzle drag coefficient at o = 0° . 18
Effect of axial location of nozzle throat on -
Basic internal and aeropropulsive data . 19
Summary of aeropropulsive performance at o = 0° 20
Summary of nozzle drag cocfficient at @ = 0° . o 21
Summary of a(ropropulslve performance at cmgl( of dttd(‘k e e s 22
Summary of nozzle drag coefficient at angle of attack . . . . . . . . . . . . . . . 923
Effect of vertical location of nozzle throat on
Basic internal and aeropropulsive data . 24
Summary of d(‘ropropulswc performance at o = O° 25
Summary of nozzle drag coefficient at o = 0° . 26
Variation of surface shapes showing:
Effect of varying upper ramp cxpansion shape on
27



Summary of acropropulsive performance at a = 0°

Summary of nozzle drag coefficient at a = 0° .

Effect of varying upper ramp external shape on— B

Basic internal and aeropropulsive data .

Summary of aeropropulsive performance at a = ( 0'

Summary of nozzle drag coefficient at a = 0° .
Effect of varying lower flap external shape on—
Basic internal and aeropropulsive data .

Summary of aeropropulsive performance at a = 0°

Summary of nozzle drag coefficient at o = 0° .

Figure

28
29

30
31
32

33
34
35

Variation of convergent nozzle geometric parameters showing:

Effect of upper ramp length on—
Basic internal and aeropropulsive data .

Summary of aeropropulsive performance at o = O°

Summary of nozzle drag coefficient at a = 0° .
Effect of upper ramp angle on—
Basic internal and aeropropulsive data .

Summary of aeropropulsive performance at o = O°

Summary of nozzle drag coefficient at a = 0° .
Effect of lower flap length on—-
Basic internal and aeropropulsive data .

Summary of aeropropulsive performance at a = 0°

Summary of nozzle drag coefficient at @ = 0° .

Effect of lower flap angle of convergent nozzles on{,f

Basic internal and aeropropulsive data .

Summary of acropropulsive performance at a = 0°

Summary of nozzle drag coefficient at o = 0° .
Comparison between nozzles 1, 33, and 36 of—
Basic internal and aeropropulsxvc data .

Summary of aeropropulsive performance at a = O°

Summary of nozzle drag coefficient at o = 0° .

External pressure distributions at a = 0° for—
Nozzle 1 .
Nozzles 1, 6, and 8
Nozzles 1 and 10
Nozzles 1, 33, and 36

Discussion of Results

The exhaust-flow expansion process for single-
expansion-ramp nozzles occurs both internally and
externally. That is, internal expansion of the flow
occurs from the nozzle throat up to the end of the
lower flap where it is contained by the internal sur-
faces of the nozzle and is controlled by the internal
expansion ratio (A¢/A;);. External expansion, which
occurs downstream of the lower flap trailing edge, is
bounded by the expansion ramp and the free (ambi-

36
37
38

39
40
41

42
43
44

45
46
47

48
49
50

51
52
53
54

ent/exhaust) boundary and is controlled by the ex-
ternal expansion ratio (A./A¢)e. Thus, thrust per-
formance is influenced by internal and external ex-
pansion ratios that tend to cause two performance
peaks. Because these nozzles have external expan-
sion surfaces that can be affected by external flow,
acropropulsive performance depends on Mach num-
ber, nozzle pressure ratio, and angle of attack. In ad-
dition, expansion of the flow over the surface of the
external ramp produces a resultant thrust force that
is not aligned with the horizontal centerline of the



nozzle and varies with nozzle pressure ratio. There-
fore, when a single-cxpansion-ramp nozzle is inte-
grated into an aircraft configuration, the vertical-
force component on the ramp and its contribution as
a pitching moment must be included as a trim control
consideration.

Three types of data presentation are used to il-
lustrate the effects of varying each of the nozzle geo-
metric parameters. At static conditions, resultant
gross thrust ratio Fr./F;, thrust-vector angle 6y, and
nozzle discharge cocfficient wy/w; are presented as
a function of nozzle pressure ratio. Resultant gross
thrust F; is equal to axial thrust F; along the body
axis when 6, = 0°. Significant differences occur be-
tween F, and F; when the jet exhaust is turned from
the axial direction, and the magnitudes of these dif-
ferences are a function of 6,. Comparisons of data for
nozzles with variable nozzle geometric parameters at
wind-on conditions are made in terms of the usual
aeropropulsive performance parameter (F — Dy,)/F;
(used for axisymmetric nozzles) and nozzle drag co-
efficient Cp . Results are presented as a function
of nozzle pressure ratio at each of the Mach num-
bers tested and are also summarized as a function
of Mach number at a typical operating nozzle pres-
sure ratio for each of the Mach numbers tested. This
schedule of typical operating pressure ratios is given
in table 42. Although discussion of the results at
this schedule of NPR and Mach number would gen-
erally be applicable for other schedules, the relative
difference between comparisons may vary.

Nozzle drag coefficient Cp ,, is presented for each
nozzle comparison at jet off (NPR = 1) and at the
same jet-on conditions as the aeropropulsive per-
formance. At power-on conditions, nozzle drag co-
efficients were obtained by subtracting the static
thrust components from the thrust-minus-drag mea-
surement. Because of this procedure, any effects of
the external flow on the internal performance of the
nozzles are reflected as a change in nozzle drag.

Variations in SERN nozzle geometry generally
result in changes in nozzle internal and/or external
expansion ratio, thereby shifting the pressure ratios
for optimum performance (design condition). When
such geometric variations are made, performance
changes are expected, but they cannot always be
described as being beneficial or detrimental since
the nozzles cannot be compared on equal terms at
a given pressure ratio. In addition, changes to the
nozzle geometry also resulted in variations to both
the upper ramp and lower flap boattail angles. These
variations will affect cxternal drag characteristics.
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Variation of Six Nozzle Geometric
Parameters

Effect of upper ramp length. The effects of
varying upper ramp length on nozzle internal and
acropropulsive performance are presented in figure 5.
At static conditions (fig. 5(a)), these nozzles have
nearly the same resultant thrust ratios at nozzle pres-
sure ratios from 2 to about 4 because they have
nearly the same internal expansion ratio. An NPR
of 4 is slightly above the nozzle pressure ratio for
optimum internal expansion (table 1). At pressure
ratios above 4, peak nozzle resultant thrust is de-
pendent on the nozzle pressure ratio for optimum
external expansion. Figure 5(a) indicates that al-
though nozzle 2 has probably reached its peak re-
sultant thrust between an NPR of 4.5 and 5, noz-
zle 1 would reach its peak performance at an NPR
somewhat greater than 7. Based on external expan-
sion ratio, nozzle 3 would have its peak performance
between nozzle pressure ratios of 10 and 12. As ob-
served previously for SERN nozzles (refs. 8 to 10), the
resultant thrust ratio levels remain near peak levels
over a much wider range of nozzle pressure ratio than
would be expected for a typical convergent-divergent
nozzle. This performance characteristic, which re-
sults from the two separate-flow expansion processes
(internal and external), can be a significant advan-
tage for SERN nozzles because less (or no) expansion-
ratio control may be required (particularly for an
all-subsonic-mission aircraft) and reductions in
exhaust-system weight and complexity can be
achieved.

The nonlinear variation of resultant thrust-vector
angle 6§, with nozzle pressurc ratio is characteris-
tic of SERN nozzles and is caused by the changing
compression-expansion wave patterns impinging on
the ramp as NPR is varied. An axial-force (body
axis) performance penalty would be associated with
any value of resultant thrust-vector angle that is
nonzero because the resultant thrust is being turned
away from the axial direction. Since the ramp has
a large, unopposcd, normal projected area, values of
normal force can change significantly with varying
nozzle pressure ratio. Typical values of jet normal-
force coefficient at static conditions and of total lift
coefficient at wind-on conditions are included in the
data tables for each of the nozzles tested. In addi-
tion, the resulting pitching-moment cocflicients, also
presented in the tables, would have to be considered
in trimming an aircraft configuration that employed
SERN nozzles.

Characteristics of nozzle discharge coefficient are
also presented in figure 5(a). Nozzle discharge co-
efficient wp/w; is a measure of the ability of the



nozzle to pass mass flow, and this ability is reduced
by boundary-layer thickness and nonuniform flow in
the nozzle throat. Changes in nozzle geometry that
occur downstream of the nozzle throat (supersonic
exhaust) usually do not affect characteristics of noz-
zle discharge coefficient, as shown by the data in fig-
ure 5(a). The three nozzles shown in figure 5(a) have
levels of wy,/w; that are typical for this class of noz-
zles. As will be shown subsequently, the discharge
coefficients of the other nozzles experienced little or
no effect from varying the geometric parameters used
to define the nozzles of this investigation. In addi-
tion, the external flow had essentially no effect on the
discharge cocfficient. (See the data tables.)

The variation of the aeropropulsive parameter
(F — Dy)/F; and nozzle drag coefficient Cp ,, is also
presented in figure 5 for Mach numbers from 0.60

to 1.20. As expected because of increased drag, the

aeropropulsive performance for the three nozzles de-

creased with increasing Mach number. In general,
the variation of nozzle drag coefficient with nozzle

pressure ratio NPR for a particular nozzle is similar
to that of axisymmetric nozzles, particularly at an
angle of attack of 0°. Nozzle drag decreases with ini-
tial jet operation because a reduction occurs in the
external flow expansion required at the nozzle cxit
as the exhaust flow fills the nozzle base region. This
reduced expansion generally results in higher pres-
sures on the nozzle boattail regions. This increase in
nozzle boattail pressures is shown in figure 51 where
external pressure distributions are given for nozzle 1.
As nozzle pressure ratio is further increased, nozzle
drag increases with a subsequent decrease in nozzle
drag coefficient for additional increases in NPR. This
variation in drag coefficient with increasing NPR is
probably caused by exhaust-flow entrainment effects
on the external nozzle flow at NPR = 2.5 to 4 and
by a compression at the nozzle exit that is created
by the increased thickness of the exhaust-flow plume
at NPR > 4. These trends in nozzle drag coefficient
that occur with increasing nozzle pressure ratio are
typical for jet-powered models. 7

The effects of varying upper ramp length on the
aeropropulsive parameter (F' — D,)/F; and nozzle
drag coefficient Cp, are summarized in figures 6
and 7, respectively. Data are shown for o = 0° at the

Mach number and NPR schedule given in table 42.

The relative ranking of the three nozzles at M = 0.60
and 0.90 is essentially the same as that shown at
static conditions (fig. 5(a)). The lower performance
of nozzle 2 at M = 0.60 and of nozzle 1 at M = 0.90
may be due in part to the more negative resultant
thrust-vector angle of nozzle 2 at NPR = 3 and of
nozzle 1 at NPR = 5.

At M = 0.95 and 1.20, which have scheduled noz-
zle pressure ratios of 7 and 8, respectively, nozzle 1
with an intermediate extermal expansion ratio had
the highest aeropropulsive performance. This higher
performance can be attributed to the fact that noz-
zle 1 is operating closer to design at these pressure
ratios than either nozzles 2 or 3. At Mach numbers
higher than those tested, which would also have a
higher scheduled NPR, nozzle 3 (with the largest ex-
ternal expansion ratio) is expected to have the high-
est aeropropulsive performance because it operates
closer to design than either nozzles 1 or 2. Except
for M = 0.60, the aeropropulsive performance rank-
ing of nozzles 1, 2, and 3 followed that expected from
static (internal) thrust trends with varying expansion
ratio. At M = 1.20, nozzle 1 also had the same per-
formance as nozzle 3 at NPR = 10 and slightly less
performance at NPR = 12 (fig. 5(j)). At NPR = 12,
nozzle 3 is slightly underexpanded and is at an NPR
slightly above that for optimum internal performance
((NPR¢)ges = 11.4). This result suggests that less
expansion ratio control may be required for SERN
nozzles since little performance gain was achieved by
increasing the external expansion ratio from 1.69 for
nozzle 1 to 2.08 for nozzle 3 (for the Mach number
range of the current investigation).

The aeropropulsive performance level of nozzle 2
at M = 1.20 is significantly lower than that of either
nozzles 1 or 3 (fig. 6). This lower performance for
nozzle 2 results from a much higher drag coefficient
at this Mach number (fig. 7). Since this configura-
tion had the steepest upper ramp boattail angle, it
probably .had higher boattail pressure drag. In ad-
dition, nozzle wave drag could be higher than that
of the other two nozzles because of its lower fineness
ratio.

At Mach numbers from 0.60 to 0.90, increasing
the upper ramp length increased the jet-off nozzle
drag coefficient (fig. 7). Part of this increase (less
than 20 percent) is due to differences in the skin-
friction drag coefficient. (Sec table 41.) Figure 7 also
shows small differences in the jet-on drag coefficients
for all threc nozzles at these same Mach numbers.
At jet-off conditions, one should note that the drag
on the cxpansion surface of the ramp is included in
the nozzle drag coefficient term and, for this nozzle
comparison, can be large for nozzle 3 which has the
longest ramp. For M > 0.90, nozzle drag coefficient
increased with decreasing ramp length (increasing
ramp boattail angle), particularly at M = 1.20.

These three nozzles were also tested at angles
of attack of —6° and 6°, and the variation of the
aeropropulsive parameter and nozzle drag coefficient
with angle of attack is summarized in figures 8
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and 9, respectively. In general for these three nozzles,
(F — D,,)/F, increased as a was increased from —6°
to 6°. This increase was due mainly to a decrcase in
nozzle drag as angle of attack was increased (fig. 9).

Effect of upper ramp angle. The effects of
varying upper ramp chordal angle on nozzle inter-
nal and acropropulsive performance are shown in fig-
ure 10. As can be scen in figure 10(a), increasing the
upper ramp chordal angle 8, lowered the resultant
thrust ratio Fy./F; over the entire NPR range tested.
Similar results were obtained in reference 9 which
also showed that the decrease in resultant thrust ra-
tio resulted from a reduction in pressures on the up-
per ramp.

At subsonic Mach numbers, increasing the upper
ramp angle also resulted in a decrease in aeropropul-
sive performance (figs. 10(b) to 10(e) and 11). With
the absence of pressure measurements, assessing the
extent of external flow effects on nozzle internal per-
formance is difficult. However, for nozzle 5, these
external flow effects may be detrimental because this
nozzle had a much higher jet-on nozzle drag coeffi-
cient than either nozzles 1 or 4 (figs. 10(b) to 10(e)
and 11). Lower nozzle drag was expected for nozzle 5
because it had the smallest upper ramp boattail an-
gle. As noted previously, any external flow effects on
nozzle internal (thrust) performance are charged to
nozzle drag cocfficient. Nozzle 4, which had the low-
est ramp chordal angle, provided the highest acro-
propulsive performance at subsonic Mach numbers
below 0.95 (fig. 11). This result was caused by two
factors. First, nozzle 4 generally had the lowest noz-
zle drag coefficient in this speed range (fig. 12), and
second, this nozzle was operating close to its design
nozzle pressure ratio in this speed range. (See ta-
bles 1 and 42.) These results indicate that the nozzle
should be designed to operate at low values of upper
ramp angles for the Mach numbers and nozzle pres-
sure ratios tested. For those applications in which
a variable upper ramp is required, such as for thrust
vectoring, the upper ramp angle could be varied in or-
der to optimize nozzle performance over a wide range
of opcrating conditions.

Nozzle 1 had the highest aeropropulsive perfor-
mance at M = 1.20 of the three nozzles shown be-
cause it is operating near design pressure ratio. As
seen in figure 10(f), the aeropropulsive performance
for nozzle 1 was essentially the same as that of noz-
zle 5 at nozzle pressure ratios from 10 to 12 even
though the design NPR for nozzle 5 was 10.65. This
again indicates that SERN nozzles may opcrate effi-
ciently at a lower expansion ratio than that required
for full expansion of the exhaust flow.
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Effect of lower flap length. The effects of
varying lower flap length on nozzle internal and aero-
propulsive performance and nozzle drag are shown
in figures 13 to 15. At NPR > 3, there was an in-
crease in nozzle internal performance as the lower flap
length increased (fig. 13(a)) although the differences
between nozzles 1 and 7 were small. Similar effects
were found in references 8 and 9 where reference 9
showed that as the lower flap length was increased,
pressurcs on the upper ramp also increased which
would be expected to result in higher internal per-
formance. In addition, reference 9 indicated that at
nozzle pressure ratios below (NPR;)qes, shock waves
with some flow separation were present on the ramp
and that these shocks moved farther upstream on
the ramp as lower flap length was decreased. Conse-
quently, these results imply that for nozzle 6, which
has the shortest lower flap, more of the ramp is prob-
ably separated which would contribute to the lower
internal performance for this nozzle when compared
with that of nozzles 1 and 7. In addition, nozzle 6
had the lowest internal design nozzle pressure ratio
of those shown in figure 9, and thus it was operating
farther off design at NPR > 3 than nozzles 1 and 7.

At forward speeds, nozzle 1 generally had higher
acropropulsive performance than either nozzles 6 or 7
at NPR > 3 for all Mach numbers tested (figs. 13
and 14). The effects of varying lower flap length
on nozzle drag (figs. 13 and 15) were small, but in
general, nozzle 1 had the lowest nozzle drag.

A comparison of external pressure distributions
between nozzles 1, 6, and 8 is presented in figure 52.
In general, small differences exist between the pres-
sure distributions over the external ramp. Nozzle 6
tends to have a slightly higher pressure recovery at
jet-off conditions. On the lower flap, nozzle 6 had a
greater expansion of the flow over the initial portion
of the lower surface coupled with higher downstream
pressure recovery than that of nozzle 1. The gener-
ally higher nozzle drag coefficient for nozzle 6 may in
part be due to this region of low (negative) pressure
coefficients acting on the larger axial projected area
of the initial lower flap curvature.

Effect of lower flap angle. The effects of
varying lower flap angle on nozzle internal and aero-
propulsive performance and nozzle drag coefficient
are presented in figures 16 to 18. The internal ex-
pansion ratios for these three nozzles differ widely,
and as a result, peak internal performance occurs at
different nozzle pressure ratios that correspond to the
various expansion ratios (fig. 16(a)).

The effects of varying lower flap angle on acro-
propulsive performance, shown in figure 17, follow



expected trends based on the results from static con-
ditions. Nozzle 9 has the highest resultant thrust
ratio at NPR = 3 (fig. 16(a)) and the highest per-
formance at M = 0.60. At M = 1.20, nozzle 8 has
higher performance than nozzle 9 because nozzle 8 is
now operating at an NPR closer to that required for
optimum external expansion and also because noz-
zle 9 has a higher nozzle drag. However, the highest
performance at M = 1.20 was obtained with noz-
zle 1 which is operating near design for external ex-
pansion (that is, (NPR)ges = 7.84 versus scheduled
NPR = 8 at M = 1.20) and also has lower nozzle
drag than nozzle 9 and slightly lower drag than noz-
zle 8. For a fully variable SERN, the lower flap would
most likely be movable, and thus the lower flap an-
gle along with the upper ramp angle would be varied
to maximize performance over a wide range of flight
conditions. The effect of varying lower flap angle on
nozzle drag coefficient (fig. 18) was small except for
nozzle 9 which had significantly higher nozzle drag
at M = 0.95 and 1.20.

A comparison of the external pressure distribu-
tions between nozzles 1 and 8 is presented in fig-
ure 52. Little or no difference occurred in the pres-
sure distributions over the range of conditions tested.

Effect of axial location of nozzle throat.

The effects of varying the axial location of the nozzle

throat on internal and aeropropulsive performance
and nozzle drag coeflicient are shown in figures 19

to 21. The axial location of the nozzle throat will _

probably have the most impact on the external per-
formance of the nozzle because both the upper ramp
and lower flap boattail angles can be significantly
changed by varying this geometric parameter while
internal and external expansion ratios remain con-
stant. For example, low nozzle boattail angles, which
are desirable for nozzles installed in an aircraft de-
signed to cruise supersonically, would result as the
axial location of the throat is increased.

As expected, figure 19(a) shows that the three
nozzles have essentially the same internal perfor-
mance. Thus, any changes to aeropropulsive perfor-
mance from varying the axial location of the nozzle
throat should be due to external flow effects only
and will show up primarily as changes to nozzle drag
coefficient.

As can be seen in figure 21, nozzles 10 and 11 had
the same jet-off drag coeflicients (somewhat higher
than Cp, for nozzle 1) at M = 0.60 and 0.80. At
a scheduled NPR for these Mach numbers, the drag
coefficient for nozzle 11 was considerably higher than
that of either nozzles 1 or 10. This higher drag
coefficient was due to less favorable jet effects because

nozzle 11 had the same jet-off drag coefficient as
nozzle 10.

The jet-off nozzle drag coeflicient for nozzle 10 at
M = 0.90 to 1.20 was significantly higher than that
of either nozzles 1 or 11, and in fact, nozzle 10 had
one of the highest jet-off drag coefficients measured
of all the nozzles tested. This higher drag is believed
to be a result of an increase in pressure drag due to
the greater upper ramp and lower flap boattail angles
of nozzle 10.

External pressures of nozzles 1 and 10 are pre-
sented in figure 53. At M = 0.60 and 0.80, nozzle 10
had a greater expansion of the flow over both the
ramp and flap with recovery of the flow to higher
positive pressures than nozzle 1. This greater recom-
pression of the low on nozzle 10 results in lower drag
(or possibly a thrust) on the aft portion of the noz-

‘zle external surfaces which can compensate for the

higher drag caused by the greater expansion (lower
pressures) of the flow over the initial boattail sur-
faces. This would account for the small difference in
nozzle drag between nozzles 10 and 1.

At Mach numbers greater than 0.80, a marked
difference was evident in the flow characteristics be-
tween nozzles 1 and 10, particularly on the lower flap.
Although the flow over the upper ramp of nozzle 10
still expands more than on nozzle 1, the flow now
recompresses to the same levels as nozzle 1. On the
lower flap, nozzle 10 now has a strong expansion that
is followed by a shock and flow separation. This flow
separation is quite evident at A/ = 0.95 at both jet-off
and jet-on conditions (figs. 53(k) to 53(m)). These
results would indicate that at subsonic speeds, larger
lower flap boattail angles are probably undesirable.

The fact that nozzle 11 had the lowest drag coefhi-
cient at M = 1.20 (fig. 21) was probably due to lower
pressure drag because of the lower boattail angles of
both the upper ramp and lower flap. Consequently,
nozzle 11 had the highest aeropropulsive performance
of all nozzles tested at M = 1.20.

The effects of angle of attack on aeropropulsive
performance and nozzle drag are summarized in fig-
ures 22 and 23, respectively, for nozzles 1, 10, and 11.
Generally, angle of attack had no effect on the rela-
tive differences between the three nozzles. That is,
at M = 0.60 nozzles 1 and 10 had the same perfor-
mance but nozzle 11 had lower performance for the
three angles of attack tested.

Effect of vertical location of nozzle throat.
The effects of varying the vertical location of the
nozzle throat on internal and aeropropulsive perfor-
mance and nozzle drag coefficient are presented in
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figures 24 to 26. Varying the vertical location of the
nozzle throat is a means of trading upper or lower
nozzle boattail angles without having to make large
extensions to the upper ramp or lower flap. Since
all three nozzles had identical expansion ratios, it
was expected that nozzles 1, 12, and 13 would have
the same internal performance, but, as can be seen
in figure 24(a), nozzle 13 had lower resultant thrust
ratios up to NPR = 4. Because peak internal perfor-
mance occurred at NPR = 4.5 for nozzle 13 (versus
NPR = 3.5 for nozzles 1 and 12), it is apparent that
this nozzle had a higher effective expansion ratio.
The reason for this shift in effective expansion ratio
is mot known, but it may be due to the convergent
section of the upper ramp being too short. As a re-
sult, performance at forward speeds is governed by
both internal and external flow characteristics.

In general, the effects of varying the vertical lo-
cation of the nozzle throat on either the acropropul-
sive parameter or nozzle drag coefficient are small
(figs. 25 and 26). Nozzle 13 had lower aeropropul-
sive performance at A = 0.60 than either nozzles 1
or 12 (fig. 25) because this nozzle had lower internal
performance at the scheduled NPR of 3 (fig. 24(a)).
An upward movement of the nozzle throat location
(nozzles 12 and 13) resulted in an increase in lower
flap boattail angle and a decrease in upper ramp an-
gle. As might be expected, these opposing changes
in boattail angle appeared to contribute opposite ef-
fects on external drag so that the net effect on drag
coeflicient was small (fig. 26).

Effect of Surface Shape Variations

Some limited tests were conducted in order to
determine the effect of varying the shape of some
of the nozzle surfaces without changing the basic
six geometric parameters that defined a particular
nozzle. This was accomplished on nozzle 1 by varying
the curvature of either the upper ramp internal or
external surfaces or the lower flap external surface
which resulted in nozzles 30 to 32.

Effect of upper ramp expansion surface.
The effects of varying the curvature of the upper
ramp expansion surface on the internal and aero-
propulsive performance and nozzle drag coefficients
are presented in figures 27 to 29. The modification
to the ramp expansion surface consisted of reduc-
ing the curvature of the surface relative to nozzle 1
which reduced the initial ramp expansion angle. As
shown in figure 27(a), reducing the ramp curvature
caused essentially no effect on the resultant thrust
ratio; however, resultant thrust-vector angles were
more negative. Similar effects of ramp curvature on
thrust-vector angle were reported in reference 9.
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At subsonic speeds the aeropropulsive perfor-
mance of nozzle 30 was slightly higher than that
of nozzle 1 (fig. 28) because nozzle 30 generally
had lower nozzle drag coefficients at these speeds
(fig. 29). This change in nozzle drag coefficient was
most likely due to a favorable external-flow effect on
the nozzle internal performance rather than to exter-
nal drag characteristics because there was no geomet-
ric change to the external surfaces of the two nozzles.
In general, the difference in either aeropropulsive per-
formance or nozzle drag coefficient between nozzles 1
and 30 remained the same at cach of the angles of at-
tack tested. (Compare the results of tables 4 and 33.)

Effect of varying upper ramp external sur-
Sace. The effects of varying the shape of the upper
ramp external surface on the internal and aeropropul-
sive performance and nozzle drag characteristics are
presented in figures 30 to 32. As expected, chang-
ing the curvature of the upper ramp external surface
caused no cffect on internal performance (fig. 30(a)).
At subsonic speeds, nozzle drag coefficient was gen-
erally lower for nozzie 31 than for nozzle 1 (fig. 32),
and as a result, nozzle 31 had higher aeropropulsive
performance than nozzle 1 up to M = 0.80 (fig. 31).
Angle-of-attack effects (not shown graphically) were
similar to those discussed previously for the upper
ramp expansion surface. (Compare tables 4 and 34.)

Effect of varying lower flap external shape.
The cffects of varying the lower ramp external shape
on internal and aeropropulsive performance and noz-
zle drag coefficients are shown in figures 33 to 35.
The internal resultant thrust ratio for nozzle 32 was
higher than that for nozzle 1 even though these two
nozzles were supposed to have the same internal con-
tours. (Compare tables 2(a) and 2(ff).) This dif-
ference in internal performance is attributed to ge-
ometry differences between the lower flaps for noz-
zles 1 and 32 because both nozzles used the same
upper ramp piece when configured as a test nozzle.
As shown in figure 35, nozzle 32 had higher jet-off
and jet-on nozzle drag than nozzle 1, in particular at
Mach numbers greater than 0.90. As a result, this
nozzle generally had poorer aeropropulsive perfor-
mance characteristics than nozzle 1 (figs. 33 and 34).
The results at angle of attack (not shown) are once
again the same as those already noted. (Compare
tables 4 and 35.)

Variation of Convergent
Single-Expansion-Ramp Nozzles

Several convergent SERN’s were investigated in
order to dctermine the effects of nozzle geome-
try variations on both internal and aeropropulsive



performance of these types of nozzles. A convergent
SERN is still an external expansion nozzle but the
internal expansion ratio is 1 and all expansion oc-
curs downstream of the lower flap exit. The use
of a convergent SERN may be desirable for an all-
subsonic-mission aircraft where little expansion ratio
control may be required. For a fixed-geometry noz-
zle, significant reductions in exhaust-system weight
and complexity can be achieved.

Effect of upper ramp length. The effects of
varying nozzle upper ramp length on the internal and
aeropropulsive performance and on nozzle drag coef-
ficient arc presented in.figures 36 to 38. Increasing
the upper ramp length decreased resultant thrust ra-
tios at NPR > 2.5 up to the maximum NPR tested
(fig. 36(a)). Note that these two nozzles maintained
nearly constant levels of resultant thrust ratio over
the entire range of nozzle pressure ratios tested. This

characteristic trend of internal performance for con-

vergent SERN nozzles has been shown previously
in reference 11. Aeropropulsive performance was
lower for nozzle 33 (with a long upper ramp) up to
M = 0.90 (figs. 36 and 37) primarily because noz-
zle 34 has better thrust characteristics. However, at
M = 0.95 and 1.20, nozzle 33 has higher aeropropul-
sive performance because this nozzle has lower nozzle
drag coefficients than nozzle 34 (figs. 36 and 38). The
higher nozzle drag for nozzle 34 probably results from
higher boattail drag that develops on the shorter up-
per ramp of this nozzle at transonic and supersonic
speeds.

Effect of upper ramp angle. The internal and
aeropropulsive performance and nozzle drag charac-
teristics that result from varying the nozzle upper
ramp angle are shown in figures 39 to 41. At sub-
sonic speeds, increasing the upper ramp angle gen-
erally decreased the resultant thrust ratio and aero-
propulsive performance parameter and increased the
nozzle drag coefficient. Similar effects were found for
the convergent-divergent nozzles (figs. 10 to 12). At
M = 1.20, increasing the upper ramp angle increased
aeropropulsive performance at a nozzle pressure ratio
near the scheduled value of 8 because of lower nozzle
drag.

Effect of lower flap length. The effects of in-
creasing lower flap length on internal and aeropropul-
sive performance and nozzle drag coefficient are pre-
sented in figures 42 to 44. Increasing the lower flap
length resulted in a significant increase in resultant
thrust ratio of about 2 percent over the entire range
of nozzle pressure ratio tested (fig. 42(a)). This re-
sult is similar to that of reference 11 which also found

that variation of this parameter had the largest ef-
fects on nozzle internal performance. Nozzle 36 (with
a long lower flap) also had higher acropropulsive per-
formance than nozzle 37 (fig. 43) over the entire Mach
number range tested because nozzle 36 had higher
static (or internal) performance.

Effect of lower flap angle. The cffects of
varying the lower flap angle on internal and aero-
propulsive performance are presented in figures 45
to 47. Decreasing the lower flap angle, that is,
going from —4.00° (nozzle 33) to —18.00° (noz-
zle 37), resulted in small increases in both resultant
thrust ratio (fig. 45(a)) and aeropropulsive perfor-
mance (fig. 46). Similar results were found for the
convergent-divergent SERN nozzles.

Comparison between convergent and
“convergent-divergent nozzles. A comparison of
internal and aeropropulsive performance between
convergent and convergent-divergent SERN nozzles
is presented in figures 48 to 50. Nozzle 36 (conver-
gent) had higher internal performance than nozzle 1
(C-D) up to about NPR = 3.5 (which is about the
nozzle pressure ratio for optimum internal expansion
for nozzle 1) and then essentially the same perfor-
mance up to about NPR = 7. (Both nozzles had the
same external expansion ratios.) Except for NPR
< 2.5, nozzle 33 (convergent) had the lowest internal
performance of the three nozzles considered.

A comparison of aeropropulsive performance be-
tween the convergent-divergent and the convergent
SERN nozzles is shown in figure 49. At the sched-
uled NPR (3) for M = 0.60, nozzle 36 (convergent)
had the highest aeropropulsive performance mainly
because this nozzle had the highest internal perfor-
mance at this nozzle pressure ratio. However, at
all other test conditions, nozzle 1 (C-D) had signif-
icantly higher performance than either of the con-
vergent SERN nozzles, 33 or 36. Part of this lower
performance is attributed to these two nozzles hav-
ing much higher nozzle drag at both jet-off and jet-on
conditions (fig. 50). The reason for this much higher

" drag for both nozzles 33 and 36 is evident in the pres-

sure distributions presented in figure 54. The flow
over the upper ramp for all three nozzles has essen-
tially the same characteristics showing similar initial
expansion of the flow followed by a strong pressure re-
covery to relatively high positive pressures. However,
the expansion of the flow over the lower flap for both
nozzles 33 and 36 is much stronger with the expan-
sion peak occurring farther downstream on the flap.
At Mach numbers greater than 0.60, evidence exists
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of a shock on the flap with some resulting shock-
induced separation, especially at M = 0.90 and 0.95.
At these conditions, the initial expansion of the flow
over the lower flap of nozzle 1 is followed by a strong
recovery to positive pressures which, acting on the
aft-facing nozzle boattail, will decrease nozzle drag
relative to the other nozzles.

Concluding Remarks

An investigation conducted in the Langley 16-
Foot Transonic Tunnel has determined the effects of
varying six nozzle geometric parameters on the inter-
nal and aeropropulsive performance characteristics
of single-expansion-ramp nozzles. These parameters
included the nozzle upper ramp length and chordal
angle, the nozzle lower flap length and chordal an-
gle, and the axial and vertical locations of the noz-
zle throat. Both convergent-divergent and conver-
gent nozzle configurations were tested. Some lim-
ited tests were made to study the effects of varying
the curvature of the upper ramp internal and exter-
nal surfaces and the lower flap external surface of
one of the nozzles. This investigation was conducted
at Mach numbers from 0.60 to 1.20, nozzle pres-
sure ratios from 1.5 to 12 and angles of attack of 0°
and +6°.

Maximum aeropropulsive performance at a par-
ticular Mach number was highly dependent on the
operating nozzle pressure ratio. For example, as up-
per ramp length or angle increased, some nozzles had
higher performance at a Mach number of 0.90 be-
cause the nozzle design pressure ratio was the same
as the operating pressure ratio. Thus, selection of
the various nozzle geometric parameters should be
based on the mission requirements of the aircraft.
Because of the two separate exhaust-flow expansion
processes, less external expansion ratio control may
be required for single-expansion-ramp nozzles. A
combination of large upper ramp and large lower flap
boattail angles produced greater nozzle drag coeffi-
cients at Mach numbers greater than 0.80, primar-
ily from shock-induced separation on the lower flap
of the nozzle. An increase in both resultant thrust
ratio and aeropropulsive performance resulted from
increasing the flap length of the convergent single-
expansion-ramp nozzle. At static conditions, the
convergent nozzles had high and nearly constant val-
ues of resultant thrust ratio over the entire range of
nozzle pressure ratio tested. However, these nozzles
had much lower aeropropulsive performance than the
convergent-divergent nozzle at Mach numbers greater
than 0.60. Varying the external shape of either the
upper ramp or the lower flap of one of the nozzles re-
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sulted in small changes to either aeropropulsive per-
formance or nozzle drag.

NASA Langley Research Center
Hampton, VA 23681-0001
July 24, 1992
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Nozzle Geometric Parameters

Table 1.
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Table 2. Nozzle Coordinates

[The symbol s denotes a straight-line contour between two indicated coordinates]

(a) Nozzle 1

Upper ramp coordinates
External surface Internal surface
X, in. Yy, in. x, in. Yy, in.
0.000 3.100 0.000 1.944
0.599 3.095 s
1.197 3.080 6.580 1.944
1.796 3.057 7.110 1.724
2.395 3.024 s
2,994 2.983 8.460 0.375
3.592 2.934 8.990 0.155
4.191 2.877 9.168 0.176
4.790 2.812 9.265 0.200
5.389 2.741 9.361 0.223
5.988 2.663 9.458 0.246
6.586 2.579 9.554 0.269
7.185 2.489 9,650 0.292
7.784 2.394 9.747 0.314
8.383 2.293 9.843 0.336
8.982 2,188 9.940 0.357
9.580 2.078 10.036 0.379

10.179 1.964 10.133 0.400
10.778 1.847 10.712 0.521
11.377 1.726 11.387 0.649
11.975 1.603 11.966 0.746
12.574 1.477 12.544 0.830
13.173 1.349 13.123 0.901
13.772 1.219 13,798 0.966
14.370 1.088 14.377 1.004
14.570 1.044 14,570 1.014

radius 1 = 0.750

radius 2 = 0.750

Lower flap coordinates
External surface Internal surface
x, in. ¥y, in. x, in. Yy, in.
0.000 -3.100 0.000 -1.944
0.594 -3,090 s
1.189 ~3.062 6.244 -1.,944
1.783 -3.016 6.489 -1.903
2.378 -2.953 s
2.972 -2.874 8.746 -1.126
3.567 -2.781 8.990 -1.085
4.161 -2.675 s
4.756 -2.557 10.106 -1.085
5.350 -2.427
5.945 -2.287 radius 3 = 0.750
6.539 -2.138 radius 4 = 0.750
7.134 -1.981
7.728 -1.818
8.326 -1.648
8.917 -1.474
9.512 -1.296

10.106 -1.115




Table 2. Continued
(b) Nozzle 2

Upper ramp coordinates

External surface Internal surface

in. y, in. X, in. y, in.

0.000 3.100 0.000 1.944
0.583 3.090

1.166 3.063 6.602 1.944

1.750 3.017 7.476 1.358
2.333 2.956

2.916 2.878 8.460 0.375

3.499 2.787 8.990 0.155

4.082 2.681 9.168 0.176

4.666 2.563 9.260 0.199

5.249 2.433 9.352 0.220

5.832 2.292 9.444 0.242

6.415 2.142 9.536 0.263

6.999 1,983 9.628 0.283

7.582 1.815 9.721 0.302

B.165 1.641 9.813 0.321

B8.748 1.461 9.905 0.340

9.332 1.275 9.997 0.358

9.915 1.086 10.273 0.407

. 498 0.893 10.457 0.436

.081 0.698 11.102 0.513

.470 0.567 11.470 0.537

radius 1 = 0.750

radius 2 = 2,000

Lower flap coordinates

External surface Internal surface

in. y, in. x, in. y, in.

0.000 -3.100 0.000 ~-1.944
0.594 -3.090

1.189 -3.062 6.244 -1.944

1.783 -3.016 6.489 -1.903
2.378 -2.953

2.972 -2.874 8.746 -1.126

3.567 -2.781 - 8.990 -1.085
4.161 -2.675

4.756 -2.557 10.106 -1.085
5.350 -2.427

5.945 -2.287 radius 3 = 0.750

6.539 -2.138 radius 4 = 0,750
7.134 -1.,981
7.728 -1.818
8.326 -1.648
8.917 -1.474
9.512 -1.296
10.106 -1.115




Table 2. Continued
(¢) Nozzle 3

Upper ramp coordinates

External surface Internal surface
x, in. Yy, in. x, in. y, in.
0.000 3.100 0.000 1.944
0.596 3.098 s
1.191 3.090 6.580 1.944
1.787 3.079 7.110 1.724
2.382 3.062 s
2.978 3.042 8.460 0.375
3.574 3.017 8.990 0.155
4.169 2.988 9.168 0.176
4.765 2.955 9.266 0.200
5.360 2.918 9.364 0.224
5.956 2.878 9.461 0.248
6.552 2.834 9.559 0.271
7.147 2.787 9.657 0.294
7.743 2.736 9.755 0.317
8.339 2.682 9.852 0.340
8.934 2.625 9.950 0.363
9.530 2.565 10.048 0.385
10.126 2.502 10.1456 0.408
10.721 2.437 10.732 0.538
11.317 2.369 11.318 0.662
11.912 2.299 11.904 0.779
12.508 2.226 12,490 0.889
13.104 2.151 13.175 1.008
13.699 2.075 13.663 1.086
14.295 1.996 14.250 1.172
14.890 1.916 14.836 1.249
15.486 1.834 15.422 1.318
16.082 1.750 16.106 1.386
16.677 1.665 16.693 1.434
17.293 1.579 17.279 1.472
17.670 1.521 17.670 1.491
radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates
External surface Internal surface
X, in. y, in. X, in. Yy, in.
0.000 -3.100 0.000 ~1.944
0.594 -3.090 [
1.189 -3.062 6.244 -1.944
1.783 -3.016 6.489 -1.903
2.378 ~2.953 s
2.972 -2.874 8.746 -1.126
3.567 -2.781 8.990 -1.085
4.161 ~2.675 5
4.756 -2.557 10.106 -1.085
5.350 ~2.427
5.945 -2.287 radius 3 = 0,750
6.539 ~2.138 radius 4 = 0.750
7.134 -1.981
7.728 -1.818
8.326 -1.648
8.917 -1.474
9.512 -1.296
10.106 -1.,115




Table 2. Continued
(d) Nozzle 4

Upper ramp coordinates

External surface Internal surface
x, in. Y. in x, in. Y, in.
0.000 3.100 0.000 1.944
0.599 3.094
1.198 3.077 6.580 1.944
1.796 3.048 7.110 1.724
2.395 3.010
2.994 2.961 8.460 0.375
3.592 2.902 8.990 0.155
4,191 2.834 9.120 0.166
4.790 2.758 9.220 0.184
5.389 2.673 9.320 0.201
5.988 2.580 9.420 0.217
6.586 2.481 9.520 0.233
7.185 2.374 9.619 0.248
7.784 2.261 9.719 0.264
8.383 2.142 9.819 0.278
8.982 2.017 9.919 0.292
9.580 1.888 10.018 0.306
10.179 1.753 10.118 0.319
10.778 1.615 10.717 0.391
11.377 1.473 11.316 0.451
11.975 1.328 11.915 0.500
12.574 1.180 12.514 0.541
13.173 1.030 13.113 0.575
13.772 0.878 13.712 0.605
14.370 0.724 14.310 0.632
14.570 0.673 14.570 0.643
radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates
External surface Internal surface
%, in. y, in. x, in. y, in.
0.000 -3.100 0.000 -1.944
0.594 -3.090
1.189 -3.062 6.244 -1.944
1.783 -3.016 6.489 -1.903
2.378 -2.953
2.972 -2.874 8.746 -1.126
3.567 ~-2.781 8.990 -1.085
4.161 -2.675
4,756 -2.557 10.106 -1.085
5.350 -2.427
5.945 -2.287 radius 3 = 0.750
6.539 -2.138 radius 4 = 0.750
7.134 -1,981
7.728 -1.818
8.326 -1.648
8.917 -1.474
9.512 -1.296
10.106 -1.115




Table 2. Continued
(e) Nozzle 5

Upper ramp coordinates

External surface Internal surface
x, in. Yy, in. x, in. y, in.
0.000 3.100 0.000 1.944
0.599 3.094
1.197 3.084 6.580 1.944
1.796 3.065 7.110 1.724
2,395 3.039
2.994 3.006 8.460 0.375
3.592 2.967 8.990 0.155
4.191 2.921 9.215 0.190
4.790 2.869 9.311 0.220
5.389 2.812 9.407 0.250
5.988 2.749 9.502 0.280
6.586 2.681 9.580 0.310
7.185 2.608 9.694 0.340
7.784 2,530 9.789 0.370
8.383 2.449% 9.885 0.400
8.982 2.363 9.980 0.429
9.580 2.274 10.076 0.459
10.179 2.181 10.172 0.488
10.778 2.085 10.745 0.660
11.377 1.986 11.319 0.823
11.975 1.884 11.988 0.996
12.574 1.781 12.562 1.126
13.173 1.675 13.136 1.235
13.772 1.568 13.709 1.319
14.370 1.459 14.379 1.382
14.570 1.422 14.570 1.392
radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates
External surface Internal surface
x, in. vy, in. x, in. y, in.
0.000 -3.100 0.000 -1.944
0.594 -3.090
1.189 -3.062 6.244 -1.944
1.783 -3.016 6.489 -1.903
2.378 -2.953
2.972 -2.874 8.746 -1.126
3.567 -2.,781 8.990 -1.085
4,161 -2.675
4.756 -2.557 10.106 -1.085
5.350 -2.427
5.945 -2.287 radius 3 = 0.750
6.539 -2.138 radius 4 = 0.750
7.134 -1.981
7.728 -1.818
8.326 -1.648
8.917 -1.474
9.512 -1.296
10.106 -1.115




Table 2. Continued
(f) Nozzle 6

Upper ramp coordinates

External surface Internal surface
X, in. y, in. X, in. y, in.
0.000 3.100 0.000 1.944
0.599 3.095 s
1.197 3.080 6.580 1.944
1.796 3.057 7.110 1.724
2.395 3.024 s
2.99%4 2.983 8.460 0.375
3.592 2.934 8.990 0.155
4,191 2.877 9.168 0.176
4.790 2.812 9.265 0.200
5.389 2.741 9.361 0.223
5.988 2.663 9.458 0.246
6.586 2.579 9.554 0.269
7.185 2.489 9.650 0.292
7.784 2.394 9.747 0.314
8.383 2.293 9.843 0.336
8.982 2.188 9.940 0.357
9.580 2.078 10.036 0.379
10.179 1.964 10.133 0.400
10.778 1.847 10.712 0.521
11.377 1.726 11.387 0.649
11.975 1.603 11.966 0.746
12.574 1.477 12.544 0.830
13.173 1.349 13.123 0.901
13.772 1.219 13.798 0.966
14.370 1.088 14.377 1.004
14.570 1.044 14.570 1.014
radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates
External surface Internal surface
X, in. y, in. x, in. y, in.
0.000 -3.100 0.000 -1.944
0.593 -3.089 5
1.186 -3.057 5.587 -1.944
1.779 -3.005 5.781 -1.918
2.372 -2.934 s
2,964 -2.846 8.796 -1.111
3.557 -2.743 8.990 -1.085
4.150 -2.624 5
4.743 -2.492 9.486 -1.085
5.336 -2.349
5.929 -2.194 radius 3 = 0.750
6.522 -2.030 radius 4 = 0.750
7.114 -1.858
7.707 -1.679
8.300 -1.495
8.893 -1.306
9.486 -1.115




Table 2. Continued
(g} Nozzle 7

Upper ramp coordinates

External surface

Internal surface

x, in, y, in, %, in. Yy, in.
0.000 3.100 0.000 1.944
0.599 3.095 s
1.197 3.080 6.580 1.944
1.796 3.057 7.110 1.724
2.395 3.024 3
2.994 2.983 B.460 0.375
3.592 2.934 8.990 0.155
4,191 2,877 9.168 0.176
4.790 2.812 9.265 0.200
5.389 2.741 9.361 0.223
5.988 2.663 9.458 0.246
6.586 2.579 9.554 0.269
7.185 2.489 9.650 0.292
7.784 2.39%4 9.747 0.314
8.383 2.293 9.843 0.336
8.982 2.188 9.940 0.357
9.580 2.078 10.036 0.379
10.179 1.964 10,133 0.400
10.778 1.847 10.712 0.521
11.377 1.726 11.387 0.649
11.975 1.603 11.966 0.746
12.574 1.477 12.544 0.830
13.173 1.349 13.123 0.901
13.772 1.219 13.798 0.966
14.370 1.088 14.377 1.004
14.570 1.044 14.570 1.014
radius 1 = 0,750
radius 2 = 0.750

Lower flap

coordinates

External surface

Internal surface

x, in. y, in. x, in. Yy, in.
0.000 -3.100 0.000 -1.944
0.596 -3.091 s
1.192 -3.066 6.244 -1.944
1.788 -3.024 6.489 -1.903
2.384 -2.968 5
2.979 -2.898 8.746 -1.126
3.575 -2.814 8.990 -1.085
4.171 -2.719 s
4.767 -2.612 10.726 -1.085
5.363 -2.494 -
5.959 -2.367 radius 3 = 0.750
6.555 -2.231 radius 4 = 0.750
7.150 -2.088
7.746 ~1.938
8.342 -1.781
8.938 -1.620
9.534 -1.455
10.130 -1.286
10.726 -1.115
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Table 2. Continued
(h) Nozzle 8

Upper ramp coordinates

External surface Internal surface
X, in. y, in. x, in. y, in.
0.000 3.100 0.000 1.944
0.599 3.095
1.197 3.080 6.580 1.944
1.796 3.057 7.110 1.724
2.395 3.024
2.994 2.983 8.460 0.375
3.592 2.934 8.990 0.155
4.191 2.877 9.168 0.176
4.790 2.812 9.265 0.200
5,389 2.741 9.361 0.223
5.988 2.663 9.458 0.246
6.586 2.579 9.554 0.269
7.185 2.489 9.650 0.292
7.784 2.394 9.747 0.314
8.383 2.293 9.843 0.336
8.982 2.188 9.940 0.357
9.580 2.078 10.036 0.379
10.179 1.964 10.133 0.400
10.778 1.847 10.712 0.521
11.377 1.726 11,387 0.649
11.975 1.603 11.966 0.746
12.574 1.477 12.544 0.830
13.173 1.349 13,123 0.901
13.772 1.219 13.798 0.966
14.370 1.088 14.377 1.004
14.570 1.044 14.570 1.014
radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates
External surface Internal surface
x, in. y, in. ¥, in. y., in.
0.000 -3.100 0.000 -1.944
0.594 -3.091
1.189 -3.066 5.956 -1.944
1.783 -3.024 6.176 -1.911
2.378 -2.968
2.972 -2.897 8.771 -1.118
3.567 -2.814 8.990 -1.085
4.161 -2.719
4.756 ~-2.612 9.120 -1.096
5.350 -2.496
5.945 -2.370 10.106 -1.282
6.539 -2.236
7.134 -2.094 radius 3 = 0.750
7.728 -1.946 radius 4 = 0.075
8.326 -1.794
8.917 -1.636
9.511 -1.475
10.106 -1.312




Table 2. Continued
(i) Nozzle 9

Upper ramp coordinates

External surface

Internal surface

X, in. ¥, in. x, in. y., in.
0.000 3.100 0.000 1.944
0.599 3.095
1.197 3.080 6.580 1.944
1.796 3.057 7.110 1.724
2.395 3.024
2.994 2.983 8.460 0.375
3.592 2.934 8.990 0.155
4,191 2.877 9.168 0.176
4.790 2.812 9.265 0.200
5.389 2.741 9.361 0.223
5.988 2.663 9.458 0.246
6.586 2.579 9.554 0.269
7.185 2.489 9.650 0.292
7.784 2.394 9.747 0.314
8.383 2.293 9.843 0.336
8.982 2.188 9.940 0.357
9.580 2.078 10.036 0.379
10.179 1.964 10.133 0.400
10.778 1.847 10.712 0.521
11.377 1.726 11.387 0.649
11.975 1.603 11.966 0.746
12.574 1.477 12.544 0.830
13.173 1,349 13.123 0.901
13,772 1.219 13.798 0.966
14.370 1.088 14.377 1,004
14.570 1.044 14.570 1.014
radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates

External surface

Internal surface

x, in. y, in. x, in. y, in.
0.000 -3.100 0.000 -1.944
0.594 -3.089
1.189 -3.058 5.587 -1.944
1.783 -3.007 5.781 -1.918
2.378 -2.938
3.170 -2.819 8.796 -1.111
3.765 -2.712 8.860 -1.016
4.359 -2.590
4.954 -2.455 10.106 ~0.888
5.548 -2.309
6.143 -2,152 radius 3 = 0.750
6.737 -1.985 radius 4 = 0.750
7.332 -1.810
7.926 -1.628
8.521 -1.439
9.115 -1.247
9.710 ~-1.050
10.106 ~-0.918
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Table 2. Continued
(j) Nozzle 10

Upper ramp coordinates

External surface

Internal surface

x, in. y, in. %, in. y, in.
0.000 3.100 0.000 1.944
0.598 3.092

1.196 3.067 3.170 1.944
1.794 3.026 3.700 1.724
2.391 2.971

2.989 2.902 5.050 0.375
3.587 2.821 5.580 0.155
4.185 2.727 5.758 0.176
4.783 2.623 5.855 0.200
5.381 2.508 6.144 0.269
5.979 2.383 6.434 0.336
6.576 2.250 6.723 0.400
7.174 2.110 7.109 0.482
7.772 1.963 7.784 0.614
8.370 1.810 8.363 0.715
8.968 1.651 8.941 0.804
9.566 1.490 9.520 0.879
10.164 1.324 10.195 0.949
10.761 1.156 10.774 0.993
11.160 1.044 11.160 1.014

radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates

External surface Internal surface
x, in. y, in. x, in. y., in.
0.000 -3.100 0.000 -1.944
0.591 -3.078

1.182 -3,015 3.690 -1.944
1.772 -2.915 4.065 -1.844
2.363 -2.780

2.954 -2.616 5.205 -1.186
3.545 -2.425 5.580 -1.085
4.136 -2.212

4.727 -1.980 6.696 -1.085
5.317 -1.732 -

5.908 -1.472 radius 3 = 0.750
6.499 -1.205 radius 4 = 0.750
6.696 -1,115




Table 2. Continued
(k) Nozzle 11

Upper ramp coordinates

External surface .

Internal surface

x, in. ¥y, in x, in. y. in.
0.000 3.100 0.000 1.944
0.599 3.097
1.199 3.087 9.990 1.944
1.798 3.072 10.520 1.724
2.397 3.051
2.997 3.024 11.870 0.375
3.596 2,991 12.400 0.155
4.195 2.953 12.578 0.176
4.794 2.910 12.675 0.200
5.394 2.862 12.771 0.223
5.993 2.810 12.868 0.246
6.593 2.752 12.964 0.269
7.192 2.690 13.060 0.292
7.791 2,625 13.157 0.314
8.590 2.531 13.254 0.336
9.190 2.456 13.350 0.357
9.789 2.378 13.446 0.379
10.388 2.296 13.543 0.400
10.988 2.211 13.639 0.421
11.587 2.123 13.736 0.442
12.186 2.032 13.832 0.462
12.786 1.938 13.929 0.482
13.385 1.842 14.205 0.502
13.984 1.744 14.314 0.560
14.584 1.643 14.604 0.614
15.183 1.541 15.183 0.715
15.782 1,437 15.761 0.804
16.382 1.331 16.340 0.879
16.981 1.224 16.919 0.941
17.580 1.116 17.594 0.993
17.980 1.044 17.980 1.014
radius 1 = 0.750
radius 2 = 0.750

Lower flap

coordinates

External surface

Internal surface

x, in. y., in. x, in. y, in.
0.000 -3.100 0.000 -1.944
0.596 -3.094
1.192 -3.079 8.201 -1.944
1.789 -3.052 8.357 -1.928
2.385 -3.017
2.981 -2.971 12,244 -1.101
3.578 -2.918 12.400 -1.085
4.174 ~2.856
4.770 -2.785 13.516 -1.085
5.367 -2.078
5.963 -2.623 radius 3 = 0.750
6.559 -2.531 radius 4 = 0.750
7.156 -2.434
7.752 -2.330
8.348 -2.221
8.944 -2.107
9.451 -1.989
10.137 -1.866
10.733 -1.740
11.330 -1.610
11.926 -1.478
12.522 -1.344
13.118 -1.207
13.516 -1.115
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Table 2. Continued
(1) Nozzle 12

Upper ramp coordinates

External surface Internal surface
x, in. y, in. X, in. y, in.
0.000 3.100 0.000 1.944
0.599 3.092
1.198 3.070 5.495 1.944
1.796 3.032 6.025 1.724
2.395 2.982
2.994 2.918 B8.460 -0.710
3.592 2.841 8.990 -0.930
4.191 2,753 9.168 -0.908
4.790 2.653 9.265 -0.885
5.389 2.543 9.361 -0.862
5.988 2.422 9.458 -0.839
6.586 2.292 9.554 -0.816
7.185 2.154 9.650 -0.793
7.784 2.006 9.747 -0.771
8.383 1.852 9.843 -0.749
8.982 1.690 9.94¢0 -0.728
9.580 1.523 10.036 -0.706
10.179 1.349 10.133 -0.685
10.778 1.170 10.712 -0.564
11.376 0.987 11,387 -0.436
11.975 0.800 11.966 -0.339
12.574 0.609 12.544 -0.254
13.173 0.416 13.123 -0.184
13.772 0.221 13.798 -0.119
14.171 0.090 14.184 -0.092
14.570 -0.041 14.570 -0.071
radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates
External surface Internal surface
X, in. y, in. X, in. Yy, in.
0.000 -3.100 0.000 -1.944
0.594 -3.096
1.189 -3.084 6.450 -1.944
1.783 -3.064 6.825 -2.044
2.378 -3.037
2.972 -3.004 7.125 -2.218
3.567 -2.963 7.500 -2.318
4.161 -2.917
4.756 -2.865 7.578 -2.314
5.350 -2.808
5.945 -2.745 8.912 -2.174
6.539 -2.678
7.133 -2.607 8.990 -2.170
7.728 -2.532
8.323 -2.453 10.106 -2.170
8.917 -2.371
9.512 -2,287 radius 3 = 0.750
10.106 -2.200 radius 4 = 0.750




Table 2. Continued
(m) Nozzle 13

Upper ramp coordinates

External surface Internal surface
x, in. y, in. X, in. y, in.
0.000 3.100 0.000 1.944
0.599 3.098
1.198 3.092 7.665 1.944
1.796 3.082 8.195 1.724
2.395 3.068
2.994 3.050 8.460 1.460
3.593 3.028 8.990 1,240
4.191 3.004 9.168 1.262
4.790 2.975 9.265 1.285
5.389 2.944 9.361 1.308
5.988 2.909 9.458 1.331
6.586 2.871 9.554 1.354
7.185 2.830 9.650 1.376
7.784 2.787 9.747 1.399
8.383 2.740 9.843 1.421
8.982 2,691 9.940 1.442
9.580 2.640 10.036 1.464
10.179 2.586 10.133 1.485
10.778 2.530 10.712 1.606
11.376 2.471 11,387 1.734
11.975 2.411 11.966 1.831
12,574 2.439 12.544 1.915
13.173 2.284 13.123 1.986
13.772 2.219 13,798 2.051
14.370 2,152 14.377 2.089
14.570 2.129 14.570 2.099
radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates
External surface Internal surface
x, in. Y, in. x, in. y. in.
0.000 -3.100 0.000 -1.944
0.594 -3.085
1.189 -3.041 4,105 -1.944
1.783 -2.969 4.398 -1.884
2.378 -2.872
2.973 -2.750 8.697 -0.060
3.567 -2.606 8.990 0.000
4.161 -2.442
4.756 -2.258 10.106 0.000
5.350 -2.057
5.945 -1.841 radius 3 = 0,750
6.539 -1.610 radius 4 = 0,750
7.134 -1.368
7.728 -1.114
8.322 ~0.852
8.917 -0.583
9.512 -0.308
10.106 -0.030
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Table 2.

Continued

(n) Nozzle 14

Upper ramp coordinates

External surface

Internal surface

x, in. y, in. x, in. y, in.
0.000 3.100 0.000 1.944
0.594 3.092
1.189 3.067 5.123 1.944
1.783 3.027 5.653 1.724
2.377 2.973
2.971 2.905 6.327 1.050
2.566 2.825 6.857 0.831
4.160 2.733 7.006 0.846
4.754 2.631 7.103 0.865
5.349 2.518 7.200 0.884
5.943 2.397 7.297 0.902
6.537 2.268 7.394 0.919
7.131 2.132 7.588 0.953
7.726 1.989 7.782 0.984
8.320 1.842 8.364 1.066
8.914 1.690 8.946 1.132
9.310 1.586 9.335 1.167
9.509 1.534 9.529 1.183
9.905 1.429 9.917 1.209
10.103 1.376 10.111 1.221
10.499 1.27¢0 10.449 1.240
radius 1 = 0.750
radius 2 = 0.750

Lower flap

coordinates

External surface

Internal surface

x, in. y, in. x, in. Yy, in.
0.000 -3.100 0.000 -1.944
0.199 -3.100
1.194 -3.029 4.050 ~-1.944
1.792 -2.945 4.458 -1.823
2.389 -2.830
2.986 -2.689 6.449 -0.530
3.583 -2.523 6.857 -0.409
4.181 -2.335
4.778 -2.127 6.939 -0.414
5.375 -1.902
5.972 -1.662 8.361 -0.574
6.596 ~1.410
7.167 -1.148 radius 3 = 0.750
7.764 -0.878 radius 4 = 0.750
8.361 -0.604




Table 2. Continued

(o) Nozzle 15

Upper ramp coordinates

External surface

Internal surface

X, in, y, in. X, in. y, in.
0.000 3.100 0.000 1.944
0.599 3.098
1.198 3.094 5.123 1.944
1.797 3.086 5.653 1.724
2.396 3.075

2.995 3.061 6.327 1.050

3.594 3.045 6.857 0.831

4.193 3.026 7.065 0.860

4.792 3.003 7.162 0.888

5.391 2.979 7.260 0.916

5.990 2.951 7.358 0.944

6.589 2.292 7.455 0.972

7.188 2.6889 7.552 1.000

7.787 2.854 7.747 1.055

8.386 2.818 8.332 1.217

8.984 2.778 8.917 1.374

9.584 2.737 9.599 1.548

10.182 2.693 10.184 1.687
10.781 2.648 10.769 1.816
11.380 2.600 11.354 1.934
11.979 2.550 11,938 2,039
12.578 2.499 12.523 2.129
13.177 2.446 13.108 2,204
13.776 2.391 13.790 2.269
14,375 2.334 14.375 2.304
radius 1 = 0.750

radius 2 = 0.750

Lower flap

coordinates

External surface

Internal surface

x, in. y, in. x, in. Yy, in.
0.000 -3.100 0.000 -1.944
0.199 -3.100
1.194 -3.029 4.050 -1.944
1.792 -2.945 4.458 -1.823
2.389 -2.830
2.986 -2.689 6.449 -0.530
3.583 -2.523 6.857 -0.409
4.181 -2.335
4.778 -2.127 6.939 -0.414
5.375 -1.902
5.972 -1.662 8.361 -0.574
6.596 -1.410
7.167 -1.148 radius 3 = 0.750
7.764 -0.878 radius 4 = 0.750
8.361 ~-0.604
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Table 2. Continued
(p) Nozzle 16

Upper ramp coordinates

External surface Internal surface
x, in. ¥y, in. X, in. Yy, in.
0.000 3.100 0.000 1.944
0.594 3.093

1.188 3.073 5.123 1.944
1.783 3.040 5.653 1.724
2.377 2.995

2.971 2.939 6.327 1.050
3.566 2.873 6.857 0.831
4.160 2.797 7.065 0.860
4.754 2.712 7.160 0.888
5.349 2.619 7.256 0.915
5.943 2.518 7.351 0.942
6.537 2.411 7.447 0.969
7.131 2.297 7.542 0.996
7.726 2.178 7.733 1.048
8.320 2.055 8.305 1.197
8.914 1.928 8.877 1.328
9.509 1.797 9.545 1.450
10.103 1.664 10.118 1.519
10.499 1.575 10.499 1.545

radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates

External surface Internal surface
x, in. Yy, in. x, in. y, in.
0.000 -3.100 0.000 ~1.944
0.597 -3.080

1.194 -3.020 3.797 -1.944
1.792 -2.,925 4.172 -1.844
2.389 -2.796

2.986 -2.637 6,482 -0.510
3.583 -2.449 6.776 -0.414
4.181 -2.367

4,778 -2.002 8.361 ~0.244
5.375 -1.747

5.972 -1.475 radius 3 = 0.750
6.570 -1.190 radius 4 = 0.750
7.167 -0.892

7.764 -0.586

8.361 -0.274




Table 2. Continued
(q) Nozzle 17

Upper ramp coordinates

External surface

Internal surface

x, in. y, in. x, in. y, in.
0.000 3.100 0.000 1.944
0.599 3.097
1.198 3.087 5.123 1.944
1.797 3.071 5.653 1.724
2.396 3.049 -
2.995 3.022 6.327 1.050
3.594 2.988 6.857 0.831
4.193 2.950 7.006 0.846
4.792 2.906 7.104 0.865
5.391 2.858 7.202 0.885
5.990 2.805 7.300 0.904
6.589 2.748 7.399 0.922
7.188 2.686 7.595 0.959
7.787 2.620 7.792 0.995
8.386 2.551 8.381 1.096
8.984 2.479 8.971 1.188
9.584 2.403 9.560 1.270
10.182 2.324 10.150 1.345
10.781 2.242 10.740 1.411
11,380 2.158 11,329 1.470
11.979 2.071 11.919 1.523
12.578 1.982 12,508 1.568
13,177 1.892 13.196 1.614
13.776 1.799 13,786 1.647
14.176 1.737 14.178 1.666
14.375 1.705 14.375 1.675
radius 1 = 0.750
radius 2 = 0.750

Lower flap coordinates

External surface

Internal surface

x, in. y, in. x, in. y, in.
0.000 -3.100 0.000 -1.944
0.597 -3.080
1.194 -3.020 3.797 -1.944
1.792 -2.925 4,172 -1.844
2.389 -2.796
2.986 -2.637 6.482 -0.510
3.583 ~2.449 6.776 -0.414
4.181 -2.367
4.778 -2.002 8.361 -0.244
5.375 -1.747
5.972 -1.475 radius 3 = 0.750
6.570 -1.190 radius 4 = 0.750
7.167 -0.892
7.764 -0.586
8.361 -0.274
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Table 2. Continued
(r) Nozzle 18

Upper ramp coordinates

External surface

Internal surface

x, in. y, in. X, in. y, in.
0.000 3.100 0.000 1.944
0.594 3.087
1.188 3.048 3.771 1.944
1.783 2.984 4.302 1.724
2.377 2.898
2.971 2.791 6.327 -0.301
3.566 2.664 6.857 -0.521
4.160 2.518 7.065 ~-0.491
4.754 2.356 7.160 -0.464
5.348 2,179 7.256 -0.437
5.943 1.987 7.351 -0.410
6.537 1.784 7.542 -0.356
7.131 1.570 7.542 -0.356
7.728 1.346 7.733 -0.303
8.320 1.114 8.305 -0.154
8.914 0.877 8.877 -0.024
9.509 0.634 9.545 0.097
10.103 0.388 10.117 0.167
10.499 0.223 10.499 0.193
radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates
External surface Internal surface
x, in. y, in. X, in. y, in.
0.000 -3.100 0.000 -1.944
0.597 -3.091
1.194 -3.068 6.120 -1.944
1.792 -3.030 6.413 -1.884
2.389 -2.979
2.986 -2.915 6.564 -1.820
3.583 -2.840 6.857 -1.761
4,181 -2.755
4.778 -2.660 6.939 -1.765
5.375 -2.557
5.972 -2.447 8.361 -1.926
6.570 -2.331
7.167 -2.210 radius 3 = 0.750
7.764 -2.084 radius 4 = 0.750
8.361 -1.956




Table 2. Continued
(s) Nozzle 19

Upper ramp coordinates

External surface Internal surface
x, in, y, in x, in. y, in.
0.000 3.100 Qe 000 1.940
0.599 3.093
1.198 3.073 3.772 1.944
1.797 3.040 4.302 1.724
2.396 2.994
2.995 2.937 6.327 -0.301
3.594 2.869 6.857 -0.521
4.193 2.790 7.006 -0.506
4.792 2.700 7.104 -0.486
5.391 2.602 7.202 -0.467
5.990 2.494 7.300 -0.448
6.589 2.378 7.399 -0.429
7.188 2.254 7.595 -0.392,
7.787 2.123 7.792 -0.356
8.386 1.985 8.381 -0.256
8.984 1.840 8.971 ~0.164
9.584 1.690 9.560 -0.081
10.182 1.536 10.150 -0.007
10.781 1.376 10.7490 0.060
11.380 1.212 11.329 0.119
11.979 1.045 11.919 0.171
12.578 0.875 12.606 0.224
13.177 0.703 131.196 0.262
13.776 0.529 13.788 0.296
14.375 0.354 14.375 0.324
radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates
External surface Internal surface
x, in. y, in. X, in. y, in.
0.000 -3.100 0.000 -1.944
0.597 -3.091
1.194 -3.068 6.120 -1.944
1.792 -3.030 6.413 -1.884
2.389 -2.979
2.986 -2.915 6.564 -1.820
3.583 -2.840 6.857 -1.761
4.181 -2.755
4.778 -2.660 6.939 -1.765
5.375 -2.557
5.972 -2.447 8.361 -1.926
6.570 -2.331
7.167 -2.210 radius 3 = 0.750
7.764 -2.084 radius 4 = 0.750
8.361 -1.956
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Table 2. Continued
(t) Nozzle 20

Upper ramp coordinates

External surface Internal surface
X, in. y, in. X, in. y, in.
0.000 3.100 0.000 1.944
0.594 3.085 s
1.188 3.042 3.772 1.944
1.783 2.972 4.302 1.724
2.377 2.877 [3
2.971 2.758 6.327 ~-0.301
3.566 2,618 6.857 -0.521
4.160 2.457 7.006 -0.506
4.754 2.278 7.103 -0.487
5.348 2.082 7.200 ~0.467
5.943 1.870 7.297 ~0.450
6.537 1.645 7.394 ~0.432
7.131 1.408 7.588 ~0.399
7.726 1.161 7.819 -0.367
8.320 0.905 8.364 -0.285
8.914 0.642 8.946 -0.220
9.509 0.373 9.529 -0.169
10.103 0.101 10.111 -0.131
10.499 -0.082 10.499 -0.112
radius 1 = 0.750
radius 2 = 0.750

Lower flap coordinates

External surface Internal surface
x, in. Yy, in. X, in. Yy, in.
0.000 -3.100 0.000 -1.944
0.597 -3.089 s
1.194 -3.059 5.144 -1.944
1.792 -3.009 5.226 -1.940
2.389 -2.942 s
2.986 -2.859 8.361 -1.596
3.583 -2.762

4.181 -2.651 radius 3 = 0.000
4.778 -2.528 radius 4 = 0.750
5.375 -2.396

5.972 -2.254

6.570 -2.105

7.167 -1.949

7.764 ~-1.789

8.361 -1.626




Table 2. Continued

(u) Nozzle 21

Upper ramp coordinates

External surface

Internal surface

x, in. y, in. x, In, y, in.
0.000 3,100 0.000 1.944
0.599 3.095

1.198 3.079 3.772 1.944
1.797 3.054 4.302 1.724
2.396 3.020

2.995 2.976 6.327 -0.301
3.594 2.924 6.857 -0.521
4,193 2.864 7.065 -0.491
4.792 2.796 7.162 -0.463
5.391 2.720 7.260 -0.435
5.988 2.638 7.358 -0.407
6.589 2.549 7.455 -0.380
7.188 2.454 7.552 -0.352
7.787 2,535 7.747 -0.297
8.386 2.247 B.332 -0.134
8.984 2.136 8.917 0.022
9.584 2.021 9.599 0.196
10.182 1.901 10.184 0.335
10.781 1.778 10.769 0.465
11.380 1.651 11,354 0.582
11.979 1.522 11.938 0.687
12.578 1.390 12.523 0.778
13.177 1.256 13.206 0.863
13.776 1.120 13.790 0.917
14.375 0.983 14.357 0.953

radius 1 = 0,750
radius 2 = 4.000
Lower flap coordinates

External surface Internal surface
x, in. y, in. x, in. y, in.
0.000 -3.100 0.000 -1.944
0.597 -3.089

1.194 -3.059 5.144 -1.944
1.792 -3.009% 5.226 -1.940
2.389 -2.942

2.986 -2.859 8.361 -1.596
3.583 -2.762

4,181 -2.651 radius 3 = 0.000
4.778 -2.528 radius 4 = 0.750
5.375 -2.396

5.972 -2.254

6.570 -2.105

7.167 -1.949

7.764 -1.789

8.361 -1,626
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Table 2. Continued
(v) Nozzle 22

Upper ramp coordinates

External surface

,Internal surface

x, in. y, in. X, in. y, in.
0.000 3.100 0.000 1.944
0.598 3.097
1.197 3.086 9.388 1.944
1.796 3.070 9.919 1.724
2.394 3.047
2.993 3.018 10.592 1.050
3.591 2.983 11.123 0.831
4.190 2.943 11.331 0.860
4.788 2.989 11.426 0.888
5.387 2.847 11.521 0.915
5.986 2.792 11.617 0.942
6.584 2,732 11.712 0.969
7.183 2.667 11.807 0.996
7.814 2.599 11.903 1.022
8.380 2.526 11.998 1.048
8.978 2.450 12.094 1.074
9.577 2.371 12.284 1.124
10.176 2.288 12.475 1.173
10.774 2.203 12.666 1.220
11.373 2.114 12.857 1.265
11.971 2.024 13.048 1.308
12.570 1.931 13.334 1.366
13.168 1.836 13.620 1.418
13.767 1.739 13.906 1.463
14.366 1.641 14,383 1.519
14.765 1.575 14,765 1.545
radius 1 = 0.750
radius 2 = 0.750

Lower flap

coordinates

External surface

Internal surface

x, in. Yy, in. x, in, Y, in.
0.000 -3.100 0.000 -1.944
0.601 -3.092

1.202 -3.068 6.415 -1.944
1.804 -3.030 6.659 -1.903
2.405 -2.977

3.006 -2.910 10.879 -0.450
3.608 -2.831 11.123 -0.409
4.408 -2.707

5.011 -2.601 11.204 -0.414
5.612 -2.485

6.213 -2.359 12.627 -0.574
6.814 -2.224

7.416 -2.081 radius 3 = 0.750
8.017 -1.93¢0 radius 4 = 0.750
8.618 -1.773

9.220 -1.609

9.821 -1.440

10.422 -1.267
11.023 -1.090
11.625 -0.910
12.226 -0.727
12.627 -0.604




Table 2. Continued
(w) Nozzle 23

Upper ramp coordinates

External surface

Internal surface

X, in. y, in, X, in. y, in.
0.000 3.100 0.000 1.944
0.601 3.098
1.203 3.092 9.388 1.944
1.804 3.083 9.919 1.724
2.406 3.070
3.006 3.054 10.592 1.050
3.608 3.034 11.123 0.831
4.209 3.012 11.271 0.846
4.810 2.986 11.369 0.865
5.412 2.956 11.468 0.885
6.013 2.924 11.566 0.904
6.614 2.889 11.664 0.922
7.216 2.851 11.762 0.941
7.817 2.810 11,861 0.959
B.418 2.767 11.959 0.978
9.020 2.721 12.057 0.995
9.621 2.672 12.254 1.030
10.222 2.621 12.450 1.064
10.824 2.568 12.647 1.096
11.425 2.512 12.843 1.128
12.026 2.455 13.040 1.158
12.628 2.395 13.236 1.188
13,229 2.334 13.531 1.230
13.830 2.270 13.826 1.270
14.432 2.205 14.416 1.345
15.033 2.138 15.005 1.411
15.634 2.069 15.693 1.480
16.236 1.999 16.282 1.531
16.837 1.928 16.872 1.575
17.438 1.855 17.462 1.614
18.040 1.781 18.051 1.647
18.641 1.705 18.641 1.675
radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates
External surface Internal surface
X, in. Yy, in. x, in. y, in.
0.000 -3.100 0.000 -1.944
0.601 -3.092
1.202 -3.068 6.415 -1.944
1.804 -3.030 6.659 ~-1.903
2,405 -2.977
3.006 -2.910 10.879 -0.450
3.608 -2.831 11.123 -0.409
4,409 -2.707
5.011 -2.601 11.204 -0.414
5.612 -2.485
6.213 ~-2.359 12.627 -0.574
6.814 ~2.224
7.416 -2.081 radius 3 = 0,750
8.017 -1.930 radius 4 = 0.750
8.618 -1.773
9.220 -1.609
9.821 -1.440
10.422 -1.267
11.023 -1.090
11.625 -0.910
12.226 -0.727
12.627 ~-0.604
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Table 2. Continued
(x) Nozzle 24

Upper ramp coordinates

External surface

Internal surface

x, in. Yy, in. x, in, Yy, in.
0.000 3.100 0.000 1.944
0.599 3.096
1.197 3.083 9.388 1.944
1.796 3.063 9.919 1.724
2.394 3.035

2.993 3.000 10.592 1.050

3.591 2.957 11.123 0.831

4.190 2.908 11.271 0.845

4.788 2.853 11.368 0.865

5.387 2,792 11.465 0.884

5.986 2.725 11.562 0.902

6.584 2.652 11.659 0.919

7.183 2.574 11.756 0.936

7.781 2.491 11.853 0.953

8.380 2,404 11.950 0.969

8.978 2.313 12.048 0.984

9.577 2.217 12.144 0.999

10.176 2.118 12,242 1.014
10.774 2,016 12.338 1.028
11.373 1.910 12.532 1.054
11.971 1.802 12.727 1.078
12.570 1.691 12.921 1.101
13.168 1.578 13.115 1.122
13.767 1.464 13.794 1.183
14,366 1.348 14.376 1.221
14.765 1.270 14.765 1.239
radius 1 = 0,750

radius 2 = 0.750

Lower flap

coordinates

External surface

Internal surface

X, in. y, in. X, in. y, in.
0.000 -3.100 0.000 -1.944
0.601 -3.091

1.202 -3.064 5.879 -1.944
1.804 -3.020 6.098 -1.911
2.405 -2.960

3.006 -2.885 10.904 -0.442
3.608 -2.795 11.041 -0.414
4.209 -2.692

4.810 -2.576 12.627 -0.244
5.412 -2.447

6.013 -2.308 radius 3 = 0.750
6.614 -2.158 radius 4 = 0.750
7.215 -1.999

7.817 -1.831

8.418 ~1.656

9.019 -1.473

9.620 ~-1,284

10.222 -1.089

10.823 -0.890

11.424 -0.688
12.026 -0.482
12.627 -0.274




Table 2. Continued
(y) Nozzle 25

Upper ramp coordinates

External surface Internal surface
X, in. y, in. %X, in. y, in.
0.000 3.100 0.000 1.944
0.601 3.099

1.203 3.096 9.1388 1.944
1.804 3.092 9.919 1.724
2.405 3.086

3.006 3.079 10.592 1.050
3.608 3.069 11.123 0.861
4.209 3.058 11.331 0.860
4.810 3.046 11.428 0.888
5.412 3.031 11.526 0.916
6.013 3.016 11.623 0.944
6.614 2,998 11.720 0.972
7.216 2.979 11.818 1.000
7.817 2.958 11,916 1.027
8.418 2.936 12,013 1.055
9.020 2,913 12.110 1.082
9.621 2.887 12.208 1.110
10.222 2.861 12,305 1.137
10.824 2.832 12,500 1.190
11,425 2.803 12.598 1.217
12.026 2.771 12,793 1.270
12.628 2.739 12.988 1.322
13.229 2.704 13.280 1.399
13.830 2.669 13,865 1.548
14.432 2.632 14.450 1.687
15.033 2.594 15.034 1.816
15.634 2.554 15.619 1.934
16.236 2.513 16.204 2.039
16.837 2.470 16.886 2.143
17.438 2.426 17.471 2.214
18.040 2.381 18.056 2.269
18.641 2.334 18.641 2.304

radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates

External surface Internal surface
x, in. y, in. x, in, y, in,
0.000 -3.100 0.000 -1.944
0.601 -3.091

1.202 -3.064 5.879 -1.944
1.804 -3.020 6.098 -1.911
2.405 -2.960

3.006 -2.885 10.904 -0.442
3.608 -2.795 11.041 -0.414
4,209 -2.692

4.810 -2.576 12.627 -0.244
5.412 -2.447

6.013 -2.308 radius 3 = 0.750
6.614 -2.158 radius 4 = 0.750
7.215 -1.999

7.817 -1.831

8.418 -1.656

9.019 -1.473

9.620 -1.284
10.222 -1.089
10.823 -0.890
11.424 -0.688
12.026 -0.482
12.627 -0.274
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Table 2. Continued
(z) Nozzle 26

Upper ramp coordinates

External surface Internal surface
x, in. y, in. X, in, Yy, in.
0.000 3.100 0.000 1.944
0.599 3.092

1.197 3.070 6.691 1.944
1.796 3.033 9.519 0.772
2.394 2.983

2.993 2.920 10.592 -0.301
3.591 2.844 11.123 -0.521
4.190 2.757 11.271 -0.506
4.788 2.658 11.368 -0.487
5.387 2.549 11.465 -0.468
5.986 2.430 11.562 -0.450
6.584 2.302 11.659 -0.432
7.183 2.164 11.756 -0.415
7.781 2.019 11.853 -0.399
8.380 1.866 11.950 -0.383
8.978 1.706 12.048 -0.367
9.577 1.539 12.338 -0.324
10.176 1,367 12.533 -0.298
10.774 1.189 12.727 -0.273
11.373 1.007 12.921 -0.250
11.971 0.821 13.212 -0.220
12.570 0.632 13,503 -0.192
13.168 0.440 13.794 -0.169
13.767 0.245 14.085 -0.148
14.366 0.049 14,376 -0.131
14.765 -0.082 14.765 -0.112

radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates

External surface Internal surface
x, in. y. in. x, in. y, in.
0.000 -3.100 0.000 -1,944
0.601 -3.096

1.202 -3.086 10.386 -1.944
1.804 -3.070 10.679 -1.884
2.405 -3.047

3.006 -3.018 10.830 -1.820
3.608 -2.984 11.123 -1.761
4.209 -2.944

4.810 -2.899 11.204 -1.756
5.412 -2.849

6.013 -2.794 12.627 -1.926
6.614 -2.735

7.215 -2.672 radius 3 = 0,750
7.817 -2.604 radius 4 = 0.750
8.418 -2.533

9.019 -2.459

9.620 -2.382

10.222 -2.301

10.823 -2.218
11.424 -2.133
12.026 -2.045
12.627 -1.956




Table 2. Continued
(aa) Nozzle 27

Upper ramp

coordinates

External surface

Internal surface

x, in. y, in. x, in, y, in.
0.000 3.100 0.000 1.944
0.601 3.097
1.203 3.088 8.037 1.944
1.804 3.073 8.567 1.724
2.405 3.052
3.006 3.026 10.592 -0.301
3.608 2.995 11.123 -0.521
4.209 2.958 11.331 -0.491
4.810 2.917 11.428 -0.463
5.419 2.870 11.526 -0.435
6.013 2.819 11.623 -0.407
6.614 2.764 11.720 -0.380
7.216 2.704 11.818 -0.352
7.817 2.640 11.916 -0.324
8.418 2.572 12.013 -0.297
9.020 2.501 12,110 -0.269
9.621 2.426 12,305 -0.215
10.222 2.347 12.500 -0.161
10.824 2.265 12.695 -0.108
11.425 2.180 12.890 -0.055
12.026 2.092 12.988 -0.029
12.628 2.002 13.280 0.048
13.229 1.908 13.572 0.123
13.830 1.813 13.865 0.196
14.432 1.715 14.450 0.335
15.033 1.615 15.034 0.465
15.634 1.513 15.619 0.582
16.236 1.410 16.204 0.687
16.837 1.305 16.886 0.791
17.438 1.199 17.471 0.863
18.040 1.091 18.056 0.917
18.641 0.983 18.641 0.952
radius 1 = 0.750
radius 2 = 0,750
Lower flap coordinates

External surface

Internal surface

x, in, y, in, x, in. y, in.
0.000 -3.100 0.000 -1.944
0.601 -3.096
1.202 -3.086 10.386 -1.944
1.804 -3.070 10.679 -1.884
2.405 -3.047
3.006 -3.018 10.830 -1.820
3.608 -2.984 11.123 -1.761
4.209 -2.944
4.810 -2.899 11.204 -1.756
5.412 -2.849
6.013 -2.794 12.627 -1.926
6.614 -2.735
7.215 -2.672 radius 3 = 0.750
7.817 -2.604 radius 4 = 0.750
8.418 -2.533
9.019 -2.459
9.620 -2.382

10.222 -2.301

10.823 -2.218

11.424 -2.133

12.026 -2.045

12.627 -1.956
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Table 2. Continued
(bb) Nozzle 28

Upper ramp coordinates

External surface Internal surface
%X, in. y, in. x, in. Y, in.
0.000 3.100 0.000 1.944
0.599 3.093
1.197 3.073 7.105 1.944
1.796 3.040 9.226 1.065
2.394 2.995
2.993 2.938 10.592 -0.301
3.591 2.870 11.123 -0.521
4.190 2.791 11.331 -0.491
4.788 2,702 11.426 -0.464
5.387 2.604 11.521 -0.437
5.986 2.496 11.617 -0.410
6.584 2.380 11.712 -0.383
7.183 2.256 11.808 -0.356
7.781 2.125 11,903 -0.330
8.380 1.986 11.998 -0.303
8.978 1.842 12.094 -0.278
9.577 1.691 12.189 -0.252
10.177 1.536 12.284 -0.227
10.774 1.375 12,380 -0.202
11.373 1.210 12,571 -0.154
11.971 1.042 12.761 -0.109
12.570 0.870 12.952 -0.065
13.168 0.696 13.143 -0.024
13.767 0.520 13.715 0.082
14.366 0.342 14.383 0.167
14.765 0.223 14.765 0.193
radius 1 = 0.750
radius 2 = 3,000
Lower flap coordinates
External surface Internal surface
X, in. y, in. x, in. y, in.
0.000 -3.100 0.000 ~-1.944
0.601 -3.095
1.202 -3.082 9.327 -1.944
1.804 -30.60 9.409 -1.940
2.405 -3.030
3.006 -2.992 12.627 -1.596
3.608 -2.946
4.209 -2.894 radius 3 = 0.000
4.810 -2,835 radius 4 = 0.750
5.412 -2.769
6.013 -2.698
6.614 -2.621
7.215 -2.539
7.817 -2.452
8.418 -2.360
9.019 -2.265
9.620 -2.165
10.222 ~-2.063
10.823 -1.957
11.424 -1.849
12.026 -1.738
12.627 -1.626




Table 2. Continued
(cc) Nozzle 29

Upper ramp coordinates

External surface

Internal surface

x, in. y, in. x, in. y, in.
0.000 3.100 0.000 1.944
0.601 3.096

1.203 3.084 8.037 1.944
1.804 3.064 8.567 1.724
2.405 3.037

3.006 3.002 10.592 -0.301
3.608 2.960 11.123 -0.521
4.209 2.912 11.271 -0.506
4.810 2.857 11,369 -0.486
5.412 2.796 11.468 -0.467
6.013 2.729 11.566 -0.448
6.614 2.656 11.664 -0.429
7.216 2.577 11.762 -0.410
7.817 2.493 11.861 -0.392
8.418 2.404 11,959 -0.374
9.020 2.310 12.057 -0.356
9.621 2,212 12,156 -0.339
10.222 2.109 12,254 -0.322
10.824 2.002 12.352 -0.305
11.425 1.892 12.647 ~-0.256
12.026 1.778 12.843 -0.224
12.628 1.660 13.040 ~-0.193
13.229 1.540 13.236 -0.164
13.830 1.416 13.826 -0.081
14.432 1.290 14.416 -0.007
15.033 1.161 15,005 0.060
15.634 1.031 15.693 0.128
16.236 0.898 16.282 0.179
16.837 0.764 16.872 0.223
17.438 0.628 17.462 0.262
18.040 0.491 18.051 0.296
18.641 0.354 18.641 0.324

radius 1 = 0.750
radius 2 = 0.750

Lower flap coordinates

External surface

Internal surface

X, in. Yy, in. x, in. y, in.
0.000 -3.100 0.000 -1.944
0.601 -3.095
1.202 -3.082 9.327 -1.944
1.804 -30.60 9.409 -1,940
2.405 -3.030
3.006 -2.992 12.627 -1.596
3.608 -2.946
4.209 -2.894 radius 3 = 0.000
4.810 -2.835 radius 4 = 0.750
5.412 ~2.769
6.013 -2.698
6.614 -2.621
7.215 -2.539
7.817 -2.452
8.418 -2.360
9.019 -2.265
9.620 -2.165

10,222 -2.063

10.823 -1.957

11.424 -1.849

12.026 -1.738

12.627 -1.626
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Table 2. Continued
(dd) Nozzle 30

Upper ramp coordinates

External surface Internal surface
x, in. y. in x, in. y., in.
0.000 3.100 0.000 1.944
0.599 3.095
1.197 3.080 6.580 1.944
1.796 3.057 7.110 1.724
2.395 3.024
2.994 2.983 8.460 0.375
3.592 2.934 8.990 0.155
4.191 2.877 9.168 0.177
4.790 2.812 9.242 0.194
5.389 2,741 9.316 0.212
5.988 2.663 9.390 0.230
6.586 2.579 9.464 0.247
7.185 2.489 9.538 0.264
7.784 2.394 9.612 0.280
8.383 2.293 9.686 0.297
8.582 2.258 9.760 0.313
9.181 2.152 9.834 0.329
9.780 2.040 9.908 0.345
10.379 1.926 10.352 0.434
10.977 1.807 10.944 0.542
11.576 1.685 11.536 0.637
12.175 1.561 12.128 0.724
12,774 1.434 12.794 0.811
13.372 1.306 13.386 0.882
13.971 1.175 13.978 0.949
14.570 1.044 14,570 1.014
radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates
External surface Internal surface
x, in. y, in. x, in. ¥y, in.
0.000 -3.100 0.000 -1.944
0.594 -3.090
1.189 -3.062 6.244 -1.944
1.783 -3.016 6.489 -1.903
2.378 -2.953
2.972 -2.874 8.746 ~-1.126
3.567 -2.781 8.990 -1.085
4.161 -2.675
4.756 -2.557 10.106 -1.085
5.350 -2.427
5.945 -2.287 radius 3 = 0.750
6.539 -2.138 radius 4 = 0.750
7.134 -1.981 —
7.728 -1.818
8.326 -1.648
8.917 -1.474
9,512 -1.296
10.106 -1.115




Table 2. Continued
(ce) Nozzle 31

Upper ramp coordinates

External surface Internal surface
x, in. y, in. X, in. y, in.
0.000 3.100 0.000 1.944
0.600 3.099
1.200 3.097 6.580 1.944
1.800 3.091 7.110 1.724
2.400 3.080
3.000 3.063 8.460 0.375
3.600 3.038 8.990 0.155
4.200 3.005 9.168 0.177
4.800 2,961 9.265 0.200
5.400 2.905 9.361 0.223
6.000 2.836 9.458 0.246
6.600 2,752 9.651 0.292
7.000 2.688 9.844 0.336
7.400 2.616 10.036 0.379
7.600 2.5717 10.615 0.502
7.800 2.536 11.194 0.614
8.000 2.493 11.773 0.715
12.351 0.804
s 12.930 0.879
13.509 0.941
14.088 0.987
14.570 1.044 14.570 1.014
radius 1 = 0.750
radius 2 = 0.750
Lower flap coordinates
External surface Internal surface
x, in, y, in. x, in, y, in.
0.000 -3.100 0.000 -1.944
0.594 -3.090
1.189 -3.062 6.244 -1.944
1.783 -3.016 6.489 -1.903
2.378 -2.953
2.972 -2.874 8.746 -1,126
3.567 -2.781 8.990 -1.085
4.161 -2.675
4.756 -2.%57 10.106 -1,085
5.350 -2.427 —
5.945 -2.287 radius 3 = 0.750
6.539 -2.138 radius 4 = 0.750
7.134 -1.981
7.728 -1.818
8.326 -1.648
8.917 -1.474
9.512 -1,296
10.106 -1.115
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Table 2. Continued
(ff) Nozzle 32

Upper ramp coordinates

External surface Internal surface
x, in. y, in. x, 1in. y, in.
0.000 3.100 0.000 1.944
0.599 3.095 s
1,197 3.080 6.580 1.944
1.796 3.057 7.110 1.724
2.395 3.024 s
2.994 2.983 8.460 0.375
3.592 2.934 8.990 0.155
4.191 2.877 9.168 0.176
4.790 2.812 9.265 0.200
5.389 2.741 9.361 0.223
5.988 2.663 9.458 0.246
6.586 2.579 9.554 0.269
7.185 2.489 9.650 0.292
7.784 2.394 9.747 0.314
8.383 2,293 9.843 0.336
8.982 2.188 9.940 0.357
9.580 2.078 10.036 0.379
10.179 1.964 10.133 0.400
10.778 1,847 10.712 0.521
11.377 1.726 11.387 0.649
11.975 1.603 11.966 0.746
12.574 1.477 12.544 0.830
13.173 1.349 13.123 0.901
13.772 1.219 13.798 0.966
14.370 1.088 14.377 1.004
14.570 1.044 14.570 1.014

radius 1 = 0.750
radius 2 = 0.750

Lower flap

coordinates

External surface Internal surface
x, in. y, in. x, in. y, in.
0.000 -3.100 0.000 ~1.944
0.601 -3.095 s
1.202 -3.082 9.327 -1.944
1.804 -30.60 9.409 -1.940
2.405 -3.030 5
3.006 -2.992 12.627 -1.596
3.608 -2.946
4.209 -2.894 radius 3 = 0.000
4.810 -2.835 radius 4 = 0.750
5.412 -2.769
6.013 -2.698
6.614 -2.621
7.215 -2.539
7.817 -2.452
8.418 -2.360
9.019 -2,265
9.620 -2.165
10.222 -2.063
10.823 -1.957
11.424 -1.849
12.026 -1.738
12.627 -1.626




Table 2. Continued

(gg) Nozzle 33

Upper ramp coordinates

External surface

Internal surface

X, in. y, in X, in. Yy, in.
0.000 3.100 0.000 1.944
0.599 3.095
1.197 3.080 6.580 1.944
1.796 3.057 7.110 1.724
2.395 3.024

2.994 2,983 8.460 0.375

3.592 2.934 8.990 0.155

4.191 2.877 9.168 0.176

4.790 2.812 9.265 0.200

5.389 2.741 9.361 0.223

5.988 2.663 9.458 0.246

6.586 2.579 9.554 0.269

7.185 2.489 9.650 0.292

7.784 2.394 9.747 0.314

8.383 2.293 9.843 0.336

8.982 2.188 9.940 0.357

9.580 2.078 10.036 0.379

10.179 1.964 10.133 0.400
10.778 1.847 10.712 0.521
11.377 1.726 11,387 0.649
11.975 1.603 11.966 0.746
12.574 1.477 12.544 0.830
13.173 1.349 13.123 0.901
13.772 1.219 13.798 0.966
14,370 1.088 14.377 1.004
14.570 1.044 14.570 1.014
radius 1 = 0.750

radius 2 = 0,750

Lower flap coordinates

External surface

Internal surface

x, in. y, in. x, in. y, in.
0.000 -3.100 0.000 -1.944

0.599 -3.087

1.199 -3.051 4.886 -1.944

1.798 -2.992 5.143 -1.899

2.379 -2.912

2.997 -2.813 6.744 -1.316

3.596 -2.697 7.000 -1.271

4.195 -2.564

4.795 -2.417 7.870 -1.271

5.394 -2.257 8.000 -1.260

5.993 -2.085

6.593 -1.904 8.990 -1.085

7.192 -1.715

7.791 ~1.520 radius 3 = 0.000
8.391 -1.31> radius 4 = 0.000
8.990 -1.115
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Table 2. Continued
{(hh) Nozzle 34

Upper ramp coordinates

External surface Internal surface
X, in. Yy, in. x, in. y, in.
0.000 3.100 0.000 1.944
0.583 3.090
1.166 3.063 6.602 1.944
1.750 3.017 7.476 1.358
2.333 2.956

2.916 2.878 8.460 0.375
3.499 2.787 8.990 0.155
4,082 2.681 9.168 0.176
4.666 2.563 9.260 0.199
5.249 2.433 9,352 0.220
5.832 2.292 9.444 0.242
6.415 2.142 9.536 0.263
6.999 1.983 9.628 0.283
7.582 1.815 9.721 0.302
8.165 1.641 9.813 0.321
8.748 1.461 9.905 0.340
9.332 1.275 9.997 0.358
9.915 1.086 10.273 0.407
10.498 0.893 10.457 0.436
11.081 0.698 11.102 0.513
11.470 0.567 11.470 0.537
radius 1 = 0.750

radius 2 = 2.000

Lower flap coordinates

External surface Internal surface
X, in. y, in. X, in. Y, in.
0.000 -3.100 0.000 -1.944

0.599 -3.087

1.199 -3.051 4,886 -1.944

1.798 -2.992 5.143 -1,899

2.379 -2.912

2.997 -2.813 6.744 -1.316

3.596 -2.697 7.000 -1.271

4.195 -2.564

4,795 -2.417 7.870 -1.471

5.394 -2.257 8.000 -1.26C

5.993 -2.085

6.593 -1.904 8.990 -1.085

7.192 -1.715

7.791 -1.520 radius 3 = 0.000
8.391 -1.319 radius 4 = 0.000
8.990 -1.115




Table 2. Continued
(ii) Nozzle 35

Upper ramp coordinates

External surface Internal surface
x, in. y, in. x, in. y, in.
0.000 3.100 0.000 1.944
0.599 3.094
1.198 3.077 6.580 1.944
1.796 3.048 7.110 1.724
2.395 3.010
2.994 2.960 8.460 0.375
3.593 2.902 8.990 0.155
4.191 2.834 9.081 0.161
4.790 2.758 9.277 0.184
5.389 2.673 9.473 0.208
5.988 2.580 9.669 0.231
6.586 2.481 9.865 0.254
7.185 2.374 10.062 0.276
7.784 2.261 10.258 0.298
8.383 2.142 10.453 0.320
8.982 2.017 10.650 0.340
9.580 1.888 10.846 0.362
10.179 1,753 11.042 0.381
10.778 1.615 11.434 0.420
11.376 1.473 11.826 0.456
11.975 1.328 12.218 0.490
12.574 1.180 12.610 0.522
13.173 1.030 13,198 0.566
13.772 0.878 13.786 0.603
14.171 0.776 14.178 0.624
14.570 0.673 14.570 0.643
radius 1 = 0,750
radius 2 = 0.750
Lower flap coordinates
External surface Internal surface
X, in, y. in. X, in. y, in.
0.000 -3.100 0.000 -1.944
0.599 -3.087
1.199 -3.051 4.886 -1.944
1.798 -2.992 5.143 -1.899
2.379 -2.912
2.997 ~-2.813 6.744 -1.316
3.596 -2.697 7.000 -1.271
4.195 -2.564
4.795 -2.417 7.870 -1.271
5.394 -2.257 8.000 -1.260
5.993 -2.085
6.593 -1.904 8.990 -1.085
7.192 -1.715
7.791 -1.520 radius 3 = 0.000
8.391 -1.319 radius 4 = 0.000
8.990 -1.115
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Table 2. Continued
(jj) Nozzle 36

Upper ramp coordinates

External surface

Internal surface

X, in. y, in. x, in. y, in.
0.000 3.100 0.000 1.944
0.599 3.095 s
1.197 3.080 6.580 1.944
1.796 3.057 7.110 1.724
2.1395 3.024 s

2.994 2.983 8.460 0.375

3.592 2.934 8.990 0.155

4.191 2.877 9.168 0.176

4.790 2.812 9.265 0.200

5.389 2.741 9.361 0.223

5.988 2.663 9.458 0.246

6.586 2.579 9.554 0.269

7.185 2.489 9.650 0.292

7.784 2.394 9.747 0.314

8.383 2.293 §.843 0.336

8.982 2.188 9.940 0.357

9.580 2.078 10.036 0.379

10.179 1.964 10.133 0.400
10.778 1.847 10.712 0.521
11.377 1.726 11,387 0.649
11.975 1.603 11.966 0.746
12.574 1.477 12.544 0.830
13.173 1.349 13.123 0.901
13,772 1.219 13.798 0.966
14.370 1.088 14.377 1.004
14.570 1.044 14.570 1.014
radius 1 = 0,750

radius 2 = 0.750

Lower flap coordinates

External surface

Internal surface

x, in. y, in. x, in. y, in.
0.000 -3.100 0.000 -1.944
0.591 -3.089 5
1.183 -3.057 5.290 -1.944
1.774 -3.005 5.665 -1.844
2.366 -2.935 5
2.957 -2.847 6.625 -1.289
3.548 -2.743 7.000 -1.189
4.140 -2,625 s
4.731 -2.492 8.806 -1.189
5.322 -2.348 9.000 -1.163
5.914 -2.192 5
6.505 -2.027 9.856 -0.934
7.096 -1.853

7.688 ~1.672 radius 3 = 0.000
8.279 -1.484 radius 4 = 0.000
8.870 -1.292

9.462 -1.096

9.856 -0.964




Table 2. Concluded
(kk) Nozzle 37

Upper ramp coordinates

External surface

Internal surface

x, in. Yy, in. x, in. y, in.
0.000 3.100 0.000 1.944
0.598 3.092 s
1.196 3.067 3.170 1.944
1.794 3.026 3.700 1.724
2,391 2.971 s
2.989 2.902 5.050 0.375
3.587 2.821 5.580 0.155
4.185 2.727 5.758 0.176
4.783 2.623 5.855 0.200
5.381 2.508 6.144 0.269
5.979 2.383 6.434 0.336
6.576 2.250 6.723 0.400
7.174 2.110 7.109 0.482
7.772 1.963 7.784 0.614
8.370 1.810 8.363 0.715
8.968 1.651 8.941 0.804
9.566 1.490 9,520 0.879
10.164 1.324 10,195 0.949
10.761 1.156 10.774 0.993
11.160 1.044 11.160 1.014

radius 1 = 0,750

radius 2 = 0.750

Lower flap coordinates

External surface

Internal surface

x, in. Yy, in. x, in. y., in.
0.000 -3.100 0.000 -1.944
0.599 -3.087 3
1.199 -3.051 5.041 -1.944
1.798 -2.992 5.334 -1.884
2.397 -2.912 s
2.997 -2.813 6.707 -1.302
3,596 -2.697 7.000 -1.242
4,195 -2.564 s
4.795 -2,417 8.306 -1.242
5.394 -2.257 8.500 -1,216
5.993 -2.085 s
6.592 -1.904 8.990 -1.085
7.192 -1.715

7.791 -1.519 radius 3 = 0.000
8.391 -1,319 radius 4 = 0.000
8.990 -1.115
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Table 3. Pressure Orifice Locations on External Surface of Nozzles

(a) Nozzles 1 and 6

Nozzle 1

Nozzle 6

Upper ramp surface at
values of z/(W/2) of—

Upper ramp surface at
values of z/(W/2) of—

z/L, 0 0.34 0.68 0.78 z/Ly 0 0.34 0.68 0.78
0.053 | «x X 0.053 x
.105 X .105 X
158 X X b'd .158 X X X
211 X X 211 X X
.263 X X X .263 X X b
.316 X X 316 X X
.368 X X X .368 X X X
421 X 421 X
474 X X 474 X b
526 X .526 X X
.579 X X X 579 X
632 X X .632 X
.684 X X X .684 X X X
737 X X 737 X X
760 X .760 X
.789 X X X .789 X X X
811 X 811 X
842 X X 842 X X
.863 X .863 X
.895 X X .895 X X X
914 x 914 X
947 X X 947 X X
Lower flap surface at Lower flap surface at
values of z/(W/2) of— values of 2/(W/2) of —
z/Ly 0 0.68 z/Ln 0 0.68
0.063 x X 0.063 x X
126 X X 118 X X
.189 X X 178 X X
.252 X X 237 X X
315 X X .296 X X
378 X X 355 X X
442 x 415 X
.505 X X 475 X X
.68 X X .533 bre X
631 X X .592 X X

54




Nozzle 8

Table 3. Continued
(b) Nozzles 8 and 10

Nozzle 10

Upper ramp surface at
values of z/(W/2) of—

Upper ramp surface at
values of 2 /(W/2) of —

z/Ly 0 0.34 0.68 0.78 z/Ln 0 034 | 0.68 0.78
0.053 X X 0.053 X X
.105 X 105 X
.158 X X X .158 X X X
211 X X 211 X X
.263 X X X 263 X X X
316 X X .316 X X
.368 X X X .368 X X X
421 x 421 X
474 b'e X 474 X x b'd
.526 X X 526 X X
979 X b'd .79 b ¢ b'e
632 X X 632 X X
.684 X X X .684 X X X
737 X X 737 X X
760 X .760 X
.789 X X X 789 X X X
811 X 811 X
.842 x .842 X X
.863 X .863 X
.895 X b'e .895 X X X
914 b .914 X
947 X X .947 X X X
Lower flap surface at Lower flap surface at
values of z/(W/2) of — values of z/(W/2) of—
z/Lp 0 0.68 z/Ly 0 0.68
0.063 b X 0.063 X X
126 X X .118 X X
.189 X X 178 X X
.252 X X 237 X X
315 X X .296 X X
378 X X .355 X X
442 X 415 X
.505 X X 475 X X
.568 X X 933 X X
.631 X X .592 X X
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Table 3. Concluded
(c) Nozzles 33 and 36

Nozzle 33

Nozzle 36

Upper ramp surface at
values of z/(W/2) of —

Upper ramp surface at
values of z/(W/2) of—

z/Ln 0 0.34 0.68 0.78 z/Ly 0 0.34 0.68 0.78
0.053 X X 0.053 b X
105 X .105 X
.158 X X X .158 X X X
211 X X 211 X X
.263 X X X .263 X X X
.316 X X 316 X X
.368 X X X 368 X X X
421 X 421 X
474 X X X 474 X X X
526 X X .526 X X
.579 X X X .579 x X X
632 X X 632 X X
.684 X X X .684 X X X
737 X X 737 X X
.760 X .760 X
.789 X X X .789 X X X
811 X 811 X
.842 X X .842 X X
.863 X .863 X
.895 X X .895 X X X
914 x 914 x
947 X X X .947 X X X
Lower flap surface at Lower flap surface at
values of z/(W/2) of— values of z/(W/2) of—
/Ly 0 0.68 z/Ly 0 0.68
0.063 X X 0.056 X X
.126 X X 112 X X
.189 X X .168 X X
252 X X 224 X x
315 X X .280 X X
378 X X 337 X X
442 X .393 X
.505 X X .449 X X
.568 X X .505 X X
631 X X .61 X X
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Table 4. Static and Aeropropulsive Characteristics for Nozzle 1

[Parts (c) and (d) come from repeat runs)

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 4. Concluded

(c¢) Internal performance
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(d) Aeropropulsive characteristics
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Table 5. Internal and Aeropropulsive Characteristics for Nozzle 2

(a) Internal performance
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Table 6. Internal and Aeropropulsive Characteristics for Nozzle 3

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 7. Internal and Aeropropulsive Characteristics for Nozzle 4

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 8. Internal and Aeropropulsive Characteristics for Nozzle 5

(a) Internal performance
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(b) Aecropropulsive characteristics
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Table 9. Internal and Aecropropulsive Characteristics for Nozzle 6

(a) Internal performance
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(b) Acropropulsive characteristics
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Table 10. Internal and Acropropulsive Characteristics for Nozzle 7

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 11. Internal and Aeropropulsive Characteristics for Nozzle 8

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 12. Internal and Aecropropulsive Characteristics for Nozzle 9

(a) Internal performance

FR/FI FJ/FI DELTAP CFJ CFN CHJ CFI

WP/VI

ALPHA

M

[ D
CIOOON~00
AR C000CO COCOT~ M~
oY== o< v He o N o

[elelvielolelalale el

AOF U OUHD N
[ OISF WO O
D
LYo Y- N NC . N NLNCN

—HOOOOOOOOO

32317777%6
INOUNO~TON-T VO

Ll a et [aaTanTegBS E5 g¥elVe]

llzwll ~FeN
[wielelelele] OO

8838288888

[=lelalalelelelelelo]
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Table 13. Internal and Aeropropulsive Characteristics for Nozzle 10

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 14. Internal and Aecropropulsive Characteristics for Nozzle 11

(a) Internal performance
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(b) Acropropulsive characteristics

CFI

NPR WP/VI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL

ALPHA

M

......................................... BB E A EANS s oRE

OUINM O LN O 00 LD 09 0100~ C3 000D P~ ~F SO OV Y
TP m2312 OO

B ] el e IoN TN

L]

NDEN T AP OO NN I ON O N QP O~ DN AT ONDR~F O M OV T LS O T Ot OO TN ST M WO MOV vt~ ~F N T
/*826-/2309886,_/75584736977553516995%3 TNCD ON WS N ST YO0 M ND v I WY T <3 ~3 T 000000 C0
YT PN 00 ONEO0 v EN 3 N 00 T vt O OV AD verd vt 0 CI O D COUA AT F LN EN ST ENINT NV NN B0 3 SN <3 O RO UMD 00 4D

099021/43%27%635,78919697,7619704%23428886091525995894“571731
45&84728 T OO ADOION e P VO P O T QAN ORI 5911@89628,308973,362,0 T~ AD Y rd vl
o 51m3314577521,0647%7753,57572w3739114 AP SN OO O ON T <T O P e Y vt QO T I ONAD
OO et 4 IN e A 4t N N O SO O e r—t eed O EN ENON T LN vttt CNEN OO O O ON v v v (NN T <3 EN N O ~F 00 00
T T TR TOTRTTT T T CTOTRITITTITTITD
..141,5/4301425/4zwgz86951,02909w6m,01437277 4649,880,7747,7089%3585 O
NO P~ ONST r \D QN DD OO ~F O OO ~F QO T COWY N =P P S 0P AD \DIP AOAD w4 O EN OO I AR OO T~ S R~ O
152,07.,3/4731/4/459@182 3,312,92,7816737/4531..806725,3%820622,89380,71.6
NOOFOONDO N A NN eI F A OO AN D NN O P et IO et VI 0 O AP i) IS et T o L e O D 3 P F T

........................................

VLY e 0NN

Lo L O COUYT P QACO AN AL T NI AT 40 ~F LNV O~ T CO TN CIMA TN ON <F ~F T D I T MO~
P g YN T TNCOM QTN QO O ~T NN NWOU I CO D ITN ) TN vt P ~F CO 00 3=l 19598@9 N —
T O \ONN O A EIICITN Y7y OO WD ANONDOIT O~TAD v T CIr O ~F D A D N CINF N TN et ~F
~F —O o000 OO0 DN ODWANNON DR AN 0T S~ DN SRR PO O O

CNOUN T Y AN VO O VMO D ENAOM YOO DGO ~F CI100 4 OQ COLY I P [ QT =T DO OIS COr~ OO \DT OO LI 4 COM~
~F AR IN DLV OO TN IO YO F D3 8O Ot ~F ~3 VO LT EVCO T OO~ O T N OIS D v
VA IO 4N 0O TO OO e e LN+ O ENIO O O vt D OO ~F TN O N N A e et O OO Nt e d v~ CHN =N W O

O EIND NN IO T OO Q0w CO N
QWP O OO0 v d CN OO YT -t
LD ENN T NN ST O N T IO N
OO v v e = CO OO O O vl

=4 O~ OO0 VI 00 Q0 ~F OV~ OO N OO DA QOO LN OAD O COKIM I~ 0O PO N ~F He A OO O
i YOV P CIPNOQ O BN OO QN IO MO GO T+ L e r~4 A CICH P A OO C TN vt ~F O D ER CD A D vl
AN Che DD CNAPS L =N ~FUNO QNN CICINI IO NI LI C et AP \DCND IO D oA e O P LD NO! —O oI
AN~ D COCNON M ORNNO DDA NOM D CONNN OO NN SO IO NN SO0 NN R IOV

CC =N N ENOIONIEN IO QO CHONON e O D = N EN NN OO NI e Y A SE T T T VOV N N )
-~ Q000 COCOTO 100 €0 COCOCO (00 CO QO 0 O mBBBBBB 0000 COTOLD (2 €000 00 00 L CO 0000 00 Q) N CD QO L0 00 €0 CO OO LoD
[=aYeae s Vs e (oalesle Na e Nawl= e s s e Leaiealegledofedels Nopls Yo e Sule NoNe Xo Nwloito No Mo RaTalo o 1s 95 02 Fe Rasto s X5 00N

COCIONT O e rd P A NN O T N I A OO e N Y T ) ON O e died I (N NV DY O ON EN VU OV O

01
01
-0
-Q
-Q
0
-0
0
0
-6
-6
-6
-6
-6
-6
-0
0
-0
-0
-0
5
6
6
5
5
-0
0
0
0
-0
-0
-0
-0
-6
-5
-5
-6
-6

N ol vt 4 O CVYD QT ~T OO P OO~ O OO Lo Lomd CNCDED vt D wed N ON e e O TN GO C O N O vt v ot e
S S S R O S e e e e e e e e

68



Table 15. Internal and Aeropropulsive Characteristics for Nozzle 12

(a) Internal performance
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Table 16. Internal and Aeropropulsive Characteristics for Nozzle 13

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 17. Internal and Aeropropulsive Characteristics for Nozzle 14

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 18. Internal and Acropropulsive Characteristics for Nozzle 15

(a) Internal performance

CFI

NPR WP/VI FR/FI FJ/FI DELTAP CrJ CFN

ALPHA

M

OOCOO0ODOO eir

N MDY P 0D
NPV RA O D et O
DO WO NN O
OOOOOOAMH NN

N EONCITF OO
[=e{xslsselayNe o Te Vo N v Ve N

[wlelelolalalelelele)

SIS NP =T O ONAD

COODOOCOOOOO

OOV~ O —
ACOOLNIP P\ O~
pmlooleeloole el aluale olonles]
[olo e te e oo e o=

HOOCOOOOOOO

WIS OO OO V- 00
NO-FN-F TNV

HONONCI OO P ST LD

211%22131
[mlalelalele wlele!

838838858

COOOCCOOTO

(b) Aeropropulsive characteristics
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Table 19. Internal and Aeropropulsive Characteristics for Nozzle 16

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 20. Internal and Aeropropulsive Characteristics for Nozzle 17

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 21. Internal and Aeropropulsive Characteristics for Nozzle 18

(a) Internal performance
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(b) Acropropulsive characteristics
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Table 22. Internal and Aeropropulsive Characteristics for Nozzle 19

(a) Internal performance

FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI

VP/VI

..........

—-OOOOOOOOO

QO =4 COO P~ N
NONOFRIROO

NN NN YT O

~F NI O N )
[slelels/alelalelsle]

FoSSSGGSeT

288388388

jelelelelelelelelele]

(b) Aeropropulsive characteristics
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Table 23. Internal and Aeropropulsive Characteristics for Nozzle 20

(a) Internal performance
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(b) Acropropulsive characteristics

CFI

F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL

WP/VI

COOANINMTOOOOO—IH 1000 INOCOOO et NANOOOwN

LN 4N 0 O OUNIOMWMIOMN 00 ~T VDI e v A oA NN — OO VO YO~ T NVO MY
3448212158812176w2376587 G O~ CON O

0000012300000111ﬁXUOOlnLOO@anwOlZOOOOZ
(2R S A e Rt A R A R A B A T T e 77T

P NO OO I - ON\OP~ OO N T ~F LMD 0N T COAD v MDD OIS GV e
B

SN0 OO~ N QO NN ™ ~F OO =M Q00O N NI ENONOD O ED O ~T N e N AD T
OO ~F NN NN NN T A O NND O O NN CO ~F MN O N CO N v
AN WM NOLIN QOO Q O P N 100N QNS N QD ey
HOS NN O NI~ O MO ONIN T OO O NAO NN NN CI00O N

et P ~F P AD N O O N T NO N O N MNO OO MM~ NO OO M)

ENUIOOAD I M OV~ N O ST O ON TN
O N ~F WM QO MO OO O rv—~T B h OO N DI QO ONDNOM- N
OO ONUNOM P QLN 0 C0 00 O~ DO O AN O QO

~F <3 N OO ENUIS OO AOAD v I A T NAD v N OV O T AT WO O o

QR ~F NN L NN OO O e INO O O O OO CO LN I ~F N MO NI O3

OALUN NN IM M~ ADU = EMN N O NP OAD NI < P QOO A <3N S ey

64333556233467777002465333 ~HOAOMIMIC IO

ﬂ@@@@mﬁﬁmo@aon FIIRITITRITTIITITITT
¥ , ,

P | i P
?zmmuzmo wasmm%nwawmmu%mnwmnﬁmw%mxn
m1359 55114%000@@4573367

TN OOHOO! QOO
OUOOOOOUUUUOOOOOO£UOUUO000000000000

OOOOOCOONNEICN NI vy r—l v e v OOOOOOOOOOO =]

...................................

[eleleleleolelolelolololelolalelelolelelvlelvlelolelolslvlelelelslole]

AR A L = ON~T QU O rH VOO DI TNO N IO O IO DU —1hO
QOO N ~F QNI I eI = NO T 1T OO OO~ NN 45&&
AN OLO T COF SO OO DO NN OBV ON

62w5801 ENERAD DO QOUN O N OANMNOOTN A OO N T O
NOONR—HAHO NOOONOFNO—~OQOQONA—ANO QNN
NSO~ P 9677778 PSSP s P O F S IS PO TS P GO RS PO P~
AN NONINDNANNOAANONNAATRORIADANNONAANN

(wlolelololelslolelelslololelolelolololelalelelelslalelelolelelel olele]

F O 861301/429478743@40743188673574
OITOOOMMONMNOOONRIOOOOOOCHITOODORARROOOND

AN ST U O OO P ONON = O O U 00 v et 0N O S AD T el O O P

R e

88 82 S R S8 S AN ARNASSSISREBESR
65666656221222229999998899998 COCOCOM-C0

lelolelalololelelolololelelolelalelololalelalalalalalslalelslelslole Lol

77



Table 24. Internal and Aeropropulsive Characteristics for Nozzle 21

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 25. Internal and Aeropropulsive Characteristics for Nozzle 22

(a) Internal performance
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(b) Aeropropulsive characteristics
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CFI

CMJ

DELTAP CFJ

FJ/FI

(a) Internal performance

WP/VI FR/FI

Table 26. Internal and Acropropulsive Characteristics for Nozzle 23
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Table 27. Internal and Aeropropulsive Characteristics for Nozzle 24

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 28. Internal and Aeropropulsive Characteristics for Nozzle 25

(a) Internal performance
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(b) Acropropulsive characteristics
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Table 29. Internal and Aeropropulsive Characteristics for Nozzle 26

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 30. Internal and Aeropropulsive Characteristics for Nozzle 27

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 31. Internal and Aeropropulsive Characteristics for Nozzle 28

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 32. Internal and Aeropropulsive Characteristics for Nozzle 29

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 33. Internal and Aeropropulsive Characteristics for Nozzle 30

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 34. Internal and Aeropropulsive Characteristics for Nozzle 31

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 35. Internal and Aeropropulsive Characteristics for Nozzle 32

(a) Internal performance
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(b) Acropropulsive characteristics
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Table 36. Internal and Aeropropulsive Characteristics for Nozzle 33

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 37. Internal and Aeropropulsive Characteristics for Nozzle 34

(a) Internal performance
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(b) Aecropropulsive characteristics
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Table 38. Internal and Aecropropulsive Characteristics for Nozzle 35

(a) Internal performance

CF1

NPR VP/VI FR/FI FJ/FI DELTAP CFJ CFN

ALPHA

M

e datlec iy halsalng s Lahod
O = YD CO I
NN -HO OO NN
EHONINT IO 0 O™
OOOOOOOOrtrd

26

YN O ONEO OO OO
OISO~ et

jelelelelolslelelel]

ENPS P\ P OO O
NN A UIWNSOND N ed

eiiged

COTNO = COOTOrEY N
COLNENF OO 0N
ADPS PP T AOADLIWN
[oale lesle Vorle e N Ve Vel

[elelelelaleleloleled

AD +4CINENAD OO TP~
RO T A —O~F
O P~ P OO
oo e Yo e e e Fe NG Ve

42

888388888
Balegleete e et

HOOOQOOOO0

ENHO OO O ONONCD
NONN-LFRIFNON

NN NN <~ ONO

WO T OO 0 M
OO et NN NN NO

[elalelolelele olelie)

828288388

OCOCOOOCOO0O

(b) Aeropropulsive characteristics
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Table 39. Internal and Aeropropulsive Characteristics for Nozzle 36

(a) Internal performance
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(b) Aecropropulsive characteristics
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Table 40. Internal and Acropropulsive Characteristics for Nozzle 37

(a) Internal performance
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(b) Aeropropulsive characteristics
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Table 41. Skin-Friction Drag Coefficients of Nozzles

Nozzle M=0.60)]MH=0.9 | M=1.20
1 0.0258 0.0245 0.0227
2 .0226 0215 .0200
3 .0286 .0272 .0252 .
4 .0254 0242 .0224
5 .0261 .0248 .0231
6 .0251 .0239 .0222
7 .0264 .0251 .0233
8 .0260 .0248 .0230
9 .0255 .0242 .0225

10 .0188 .0179 .0166
11 .0328 .0312 .0289
12 .0258 .0245 .0228
13 .0254 .0241 .0224
14 .0170 .0161 .0150
15 .0230 .0219 .0202
16 .0195 .0185 .0172
17 .0243 .0231 L0214
18 .0233 .0222 .0206
19 .0282 .0268 .0249
20 .0229 .0217 .0202
21 .0231 .0220 .0204
22 .0272 .0258 .0240
23 .0316 .0301 .0279
24 .0246 .0234 .0217
'25 .0343 .0326 .0302
26 .0342 .0325 .0301
27 .0341 L0324 .0301
28 .0321 .0304 .0282
29 .0363 .0346 .0321
30 .0258 L0245 .0227
31 .0256 0244 .0227
32 .0258 .0245 .0227
33 .0246 .0234 .0217
34 .0211 .0200 .0186
35 L0242 .0230 .0214
36 0244 .0232 .0216
37 .0244 .0232 .0216

Table 42. Schedule of Nozzle Pressure Ratio With Mach Number

M NPR
0.60 3
.80 5
.90 5
.95 7
1.20 8
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Figure 13. Continued.
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Figure 16. Continued.
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Figure 16. Continued.

135



(1]

~~

<-o-o

N ©ew ]

< — ? 4

A

> ]
0 oM J

{bmv-o

g T v

g

g oo« 4

o NAmM -

. O~ 4

- — o

iy 4

o J

]

T 00O J
- -— i

L l 1 il 1i1t 1111323280211 843 111311143 4041111 LA EL 212 s iKlLd 11 il idld

A o~ © <+ o © o~ o) < o

M o~ ~ ] — — o o

[

N c

N o—o )

0

Q &
oo

x& 5
N ]

Aitlliali b ) laladessinyabadilidadialiiridaieriiplasgisidlaadingd

o © o~ ©Q < Q © o~ o0
o o o ] [+s] 0 ~ ~ ©
W
=
o
Q
w

136

10

NPR

(e) M =0.95.

10
Figure 16. Continued.

NPR



(Ae/At)e

Bs. deg (A /Ay,

deg

8,

L}
N
N
(¢}
z

8
.69
5

1.35
.03

1.19
1

10.20
11.28
12.34

10
0
-10

] we B, N
U}
[K ]
SRS TR TGS vl FE TSN SNV TUTE SEU R NNUN USRS U INUUCUEESENNNEUEERREE WSS
Q 0 N 0 < Q © o~ o < o
<+ L] Lap] N o~ ~N — - o o
<
=)
o
£9
4
\r .
=
\'\ 7
= b
paaaraedasa by v gra g enalpgeeeeeliaaaatalarining ' Ulan e oSt 111
o =2} [-o) ™~ © wn < [ad) N - o
-—
wo
S~
—~
| =4
Q
v

14

12

10

14

12

10

NPR

(f) M =1.20.

Figure 16. Concluded.

137



o0 = 0IEI0 = iy iy = iy /Iei670 = /1 GTR = 06LR = g
Sy = Wy /4 HAN po[npoyds 18 sourwriopad aatsindoidoroe uo ofdue dey 19mo[ Jo 10y L1 23]

¢Sl
6971
g8l

*Cv/v)

W
'L Z1 01 8" 9 ¥
LB T T.v T 1 1 T 1 71 T 1,@0.
2L
J9L°
W Jos
.
1
8 ' ya-
. 4/Ca-d)
N .
) 188"
3
\u :
— 326"
vﬂ\s b
O—3 96"
300"t
€01 ye 2zl oL- 6 O
6L°1 82 L1 0 L ]
Ge' L 0Z'0l ol 8 o)
'Cv/v) Bep *¢  Bep Yy o zzON

138



0 = 0gT0 = Wiy/Higg L = Wy [T 0670 = “iy/i)
LG8 = Lt QLR = 4908Y = :,E\s ‘Beap o[zzou Uo s[Sue dey 1emo[ jo 1095 "SI a3

°Cv/v) ‘'(v/°v) bep *g bep **g 8jzZON

W n
Z'L 0L g g9- ¥ 'L 2L 0l g 9° ¥
———{ “
/ mw .
0} ]
¢ .
B ]
.
D .
¥dN P@|Npayos 1y 440 3op

€G"1 €Ol ¥c Tl 0lL- 6 o

69° 1 6L°1 TANE ) L O

G811 Ge'tL 0z 0l ot 8 ')

14%

80°

15

1

0¢’

e’

8¢’

139



‘69'T = uﬁwv\\u«\v BIT = .A:\\u«\.v 210 = :,E\Smoo = \m ‘060 = z,E\\Nmomh.w = 49
09y = iy /4 -eoueurtopred aaisndoidorse U0 jeOIY) 9[ZZOU JO UOIYRDO] [BIXR JO 109PH 6] oISt

N=00= W A.mv

U UdN
L 9 S ¥ ¢ rA L 8 L 9 S ¥ ¢ z t
T T T T =TT T 7Y TrvTr TrrT _-.1uNm. T T T LA Jun Sun | LI S | LI B B LN | LI B e | «qqﬂu.Vw.
396" Je8"
mllv#u?ii m _t\nz % m
T LV
40" 1 196"
jei- 100" |
18- Jve’
@\ v 37 1%
3 bop ‘o 3
10 126" 'y
1y 196"
-8 100" 1
[y'8 299 00°0l bL o
82 11 GL'8 ST L ! o
GL 91 6501 0S¥ ol o

bop ‘*g Bep ‘g “Wy/tx  ezzoN

140



‘panunuo)) g1 AN

g— =0090= IV (9

ddN
9 ¥ 0
L | LA 10
1 %0"
O<—0O—, I
0] i .
4 80
™~ “Nw.
J91° Y'Y
j0¢*
¥Z"
182"
= AN
¥'8 Z9'9 00°0l Ll
82 L1 GL'8 Gz L |
SL 91 65°01 o5’y ot

bep *¢ bep ‘g “u/tx

9)ZzzoN

oo

0
18-
qzL°
19L°
.
408"
1+8"
1
188"
3
126"
196"

"1

4/ a-2)

141



‘ponutjuo)) "G 9Ingig

W0 =0090= /4 (9)

ddN UdN
9 14 Z 0 ol 8 9 14 A o

™rTrTTT o -.....“O LI B | ™ T __.“wo.
u¢o. ”_.Nh.

A/;z\ “wO. H@N.
1L 08"
19 Y'Y Mv 3v8 4/a-a)
Joz- \Mw 1 88"
1ve” 326"
318¢" 196"
Jze 100" 1

Ly'8 29°9 00°01 b &

8¢ L1 sL'